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Defines as are biocatalysts catalysts of life substance that increases the 
velocity or rate of a chemical reaction without itself undergoing any change in 
overall process. 


THEY ARE PROTEIN IN NATURE:- 
Action specific,Rapid & accurate. 


Types Of Enzymes 


Oxidoreductase:- Involve in oxidation - reduction reaction 
* Hydrogen atoms are transferred. 
* When substrate being oxidized enzyme act as H; donor. Enzymes c/d 
dehydrogenases or reductase. 
* When O, atom is acceptor, enzyme c/d oxidase. 


Transferases:- catalyse the transfer of functional groups. 
Ex:- A-XB ә A«B- X. 
Hexokinase (ATP : D-hexose E-phosphotransferase.) Group transfer 


Hydrolases:- Hydrolysis of various compounds. 
* They break single bond by adding water. 
A - B + H,O > AH + BOH 


Lyases:- Specialised in the addition or removal of water, ammonia, Co, etc. 
Ex:- A-B«X-Y 9 AX -BY 
(Addition) (Elimination) 
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Isomerases:- Involve in all isomerization recation. 
(Functional group moved to another position within same molecule 
resulting molecule — isomer of carier mole.) 
Ex:- A> A (Interconversion of isomers.) 
Lizases :- Catalysing the synthetic reactions — two molecule are joined 
together & ATP used. 
Ex:- А +В ә А-В 


[<N 
ATP ADP+Pi 
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FACTOR AFFECTING 


Imp. factors that influence the velocity of the enzyme reaction are discussed 


here under. 


Concentration of Enzyme: - Conc. of enzyme increased, the velocity of the 


reaction proportionally increases. 


+ Property of enzyme use in determining the serum enzyme for diagnosis 


of disease. 


Concentration of Substrate: - Increase the substrate conc. gradually increases 
the velocity of enzyme reaction within the limited range of substrate 


levels. 


Enzyme Velocity — 


0 
Enzyme Concentration 


Effect Of Temperature: - 


Km of Michaelis - Menten 
constant is defined as - 
substrate concentration to 
produce half-maximum 
velocity in an enzyme 


catalysed reaction. 


¢ Velocity of reaction increases with increase in temp. up to a maximum 


& then decline. 


* The optimum temp. for most of the enzyme is b/w 40-45'C. 
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Enzyme Velocity > 


" O 10 20 30 40 50 60 70 80 
Temp. СС) 


Effect of pH:- Increase in the Hydrogen ion conc. (pH) considerably 

influences the enzyme activity. 

* Beu-shaped curve. 

+ Each enzyme has an optimum pH at which velocity is m. 

* Below & Above this pH, the enzyme activity is much lower at extreme 
pH, the enzyme becomes totally inactive. 

* Most of the enzyme of higher organisms show optimum activity 
around neutral pH (6-8). 


Effect of activators:- Some enzymes require certain inorganic metallic 
cations like Mg”, Mn,Zn^ Ca^ Co^ anion also needed for enzyme 
activity. 

Ex:- Cl for amylase. 


2 Categories of enzymes requiring metals for their activity 


Metal-activated enzymes: - 
+ Metal is not tightly held by the enzymes & exchanged easily 
with other ions . 
Ex:- ATPase (Mg" & Ca”). 
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Metalloenzymes: - 
+ Enzymes hold the metals rather tightly which are not readily 
exchanged. 
Ex:- Alcohol dehydrogenase, Pyruvate oxidase, xanthine oxidase. 


ENZYME INHIBITION 
Defined as: - 


« Substance which binds with the enzyme & brings about a decrease in 
catalytic activity of the enzyme. 


2 Categories of enzyme inhibition 


Reversible inhibition: - inhibition binds non - covalently with enzyme & enzyme 
inhibition can be reversed if inhibitor removed. 


Competitive inhibition: - 

+ Competitive inhibitor involves a molecule. Other than the substrate, 
binding to the enzyme's active site. 

* The molecule is structurally & chemically similar to the substrate 
(Hence able to bind to the active site.) 

* Competitive inhibitor blocks the active side & thus prevents substrate 
binding. 

+ As the inhibitor is in competitive with the substrate, its effects can be 
reduced by increasing substrate concentration. 
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inhibition binds 
to the active 


% site 
@:3+Ft— о — S) 
Enzyme Substrate inhibitor dat Directly block 

inhibitor the active site 


complex 
Non-competitive inhibition: - 
+ Non - competitive inhibition involves a molecule binding to a site other 
than the active site. 
¢ Binding of the inhibitor to allosteric site causes conformational change 
to the enzyme's active site. 
+ Resulting, Active site & substrate no longer share specificity meaning 
substrate cannot bind. 
inhibitior binds 
to the allostetric 


Enzyme Substrate inhibitor is Жай Change the 
inhibitor shape of the 
complex active site. 
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0 Km Km’ [s] > 0 Km [s] > 

Note: - In competitive inhibition km value increases whereas Vmax remains 
unchanged. 
+ Innon - competitive inhibition km value unchanged while Vmax is 
lowered. 


Irreversible inhibition: - The inhibitors binds covalent with the enzymes 
& inactivate them, which is irreversible. These inhibitors are usually toxic 
substance, which present naturally man-made. 

Ex:- bDiisopropyl fluorophosphate (DFP) is a nerve DFP irreversibly binds 
with the enzymes containing serine at the active site. 

Ex:- Acetylcholine esterase. 
¢Pencillin antibiotics also act as irreversible inhibitors of serine 
containing enzyme in bacterial cell wall synthesis. 


Allosteric inhibition: - A molecule the combines with the enzyme at an allosteric 
siteis knownas anallosteric inhibitor. 
+ Allosteric site is not asimilar location to the active site. 
¢ On combining with the inhibitor, the z - dimensional shape of the 
enzyme changes. 
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COENZYMES 


+ Non-protein, organic, low molecular weight & dialysable substance 
associated with enzyme function known as coenzyme. 

* Coenzyme cannot function alone, but can be reused several times when 
paired with an enzyme. 

+ Enzyme without a conenzyme is called an apoenzyme. 

+ Without coenzyme or cofactors enzymes cannot catalyze reactions 
effectively. 

¢ When enzyme gain a co-enzyme then becomes a holoenzyme or active 
enzyme. 

¢ Active enzyme change substrate into the products an organism needs to 
carry out essential functions. whether chemical or physiological. 

+ Co enzyme like enzymes can be reused & recycled without changing 
reaction rate or effectiveness. 

+ They attach toa portion of the active site onan enzyme, which enables 
the catalysed reaction to OCC. 

¢ When enzyme is denatured by extreme temp. or pH the coenzyme can no 
longer attach to the site. 


Coenzyme from B-complex vitamin: - Most of coenzyme are derivatives of 


water soluble B - complex vit. 


Ex:- Coenzyme Derived from vit. 
+ Thiamine pyrophosphate + Thiamine (vit.B,) 
+ Plavin mononucleotide + Riboflavin (vit. В,) 


Non-vit coenzyme: - Not all coenzymes are vit. deriatives. 
Ex.:- Coenzyme. 
Cybidine Diphosphate. 
Uridine Diaphosphate. 
Coenzymes do not decide enzyme specificity:- Specificity of the enzyme is 
mostly dependent on the apoenzyme & not on coenzyme. 
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ISOENZYMES 


+ Multiple forms of an enzyme catalysing the same reactionare 
isozymes or isoenzymes. 

¢ Differ in their physical & chemical properties which include the 
structure, electrophoretic & immunological properties, km & Vmax value 
pH optimum, relative susceptibility to inhibitors & degree of 
denaturation. 


Explanation for the existence of isoenzymes: - 


¢ Isoenzymes sythesized from different genes. 
Ex:- Malate dehydrogenase. 

* Oligomeric enzymes - consisting more than 1 type of subunits. 
Ex:- lactate dehydrogenase. 

+ Enzyme may be active as monomer or oligomer. 
Ex:- Glutamate dehydrogenase. 


Isoenzymes of Lactate Dehydrogenase (LOH):- LOH whose systemic name 


— L - lactate NAD’ oxidase catalyses the interconversion of 
lactate & pyruvate > 


О 
LOH | 
СН, - -COOH & CH,-C-COOH 
„А NAD- NADH + Н 
(Lactic acid) (Pyruvic acid) 


+ LOH has 5 distinct isoenzymes LOH, , LOH; , LOH, , LOH, & LOH;. 

+ They can be separated by electrophoresis. 

+ LOH, has more negative charge & fastest in electrophoretic mobility 
while LOH, is slowest. 
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Structure of LOH isoenzymes: - 
+ LOH is oligomeric enzyme made up of four polypeptide. 
+ Two types of subunits namely M (for muscle) & H (for heart) produced 
by different genes. 
+ Munit is basic & H unit is acidic. 


Significance of differential catalytic activity: - 
+ LOH, (H,) prodominantly found in heart muscle & inhibited by pyruvate 
- the substrate. 
+ Pyruvate > not converted to lactate in cardiac. But , converted Acetyl 
CoA which enters citric cycle. 
+ LOH; (M;) > Present in skeletal Muscle & inhibition of enzymes by 
pyruvate is minimal, Hence pyruvate lactate. 


Diagnostic importance of LOH: - 


* Immense value in diagnosis of heart & liver related disorders. 

+ In healthy individuals, activity of LOH, is higher than that of LOH, 
in serum. 

+ Incase H,, LOH, is much greater than LOH, & this happen within 12-24 
hrs. after infraction. 

¢ Increased activity of LOH, inserum is an indicator of liver diseases. 


Enzymes in Myocardial infraction (МІ): - 


* Enzymes - creative phosphokinase (CPK), Aspartate transaminas (AST) 
& lactate dehydrogenase (LOH) are imp. in diagnosis of MI. 
CPK - I" enzyme released into circulation within 6-18 hrs. after 
infraction. 
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AST - Rises sharply after CPK & reach a peak within 48 hrs. of MI. AST 
takes 4-5 days to return to normal level. 

LOH, - Generally rises second day after infraction. 
attaina peak by the 3rd or 4th day & takes about 10-15 days by 
reach normal level. Thus LOH is last enzyme to rise & also the 
last enzyme to return to normal level in MI. 


CARBOHYDRATES 


Defined as - Polyhydroxyaldehydes or ketones or compounds which produce 
them on hydrolysis. 


Classification of carbohydrates 
Broadly classified into 3 groups: - 


Monosaccharide Disaccharide Polysaccharide 
(Mono - one) (Di - two) (Poly - many) 
* General formula ¢ General formula + Polymers of 
Cn(H,O)n Cn(H,O)n-1 Monosacchirine 


units with high 
molecular weight. 


+ Simplest group of + On hydrolysis produce * Usually 
carbohydrates & two molecules of the tasteless & 
are often referred same or different mono- form colloids 
to as simple sugar. saccharides. with water. 

€ Cannot be further Ex:- * Sucrose * Lactose * Maltose 
hydrolysed. 


Ex:- Glucose, Fructose Glucose + Fructose Glucose + Galactose. 
Glucose + Glucose. 
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Ex;- Triases 


* Glyceralde hyde Monopolysaccharide | Heteropolysaccharide 
* Dihydroxyacetone. 

Tetroses 

+ D- Erythrose Contain monosaccharide Passes two or more 
Pentoses units of a single type different types of 
* D-Ribose Ex:-* Starch monosaccharide. 

* D- Dcoxyribose *Glycogen Ex:- » Heparin 

* D- xylose *Inulin * Chondrotin 
* L- xylulose *Cellulose x Sulphate 
Hexoses 

+ D- Glucose 


* D- Galactose 
+ D- Mannose 
+ D- Fructose 


STRUCTURE OF GLUCOSE 


Straight/linear structure 


| 
C'H,OH C’H,OH 


D- Glucose L- Glucose 
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D & Lisomers:- are mirror images of each other. 


+ special orientation of -H & -OH groups on C atom (CS for glucose) that is 


adjacent to the terminal primary alcohol carbon determines whether the 
sugar is D - or L - isomer. 


+ If - OH group is on Right side the sugar is of D series. 
+ If - OH group is on Left side the sugar is of L series. 


DERE 


Ring structure <= 6 тейге ring. 


Furranose 5 membered ring. 


1-0 Ф 
4-С 


Pyranose Furranose 
кӨн T aa 
С=О | | on 
V Dr й e | 
Mr ! D NT Шу 
[он C-C dm OH 
OH ан y 
H он 
Ex:- Glucose, Galactose Ex:- Fructose,Ribose 
& Mannose. & Deoxyribose. 
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Glucose, Galactose & Mannose are epimers of each ОН 


CH,OH CH,OH 
Ce T со 
[ Y (фе Y 
oH HC OH H 
WE оС 4 
Sc e (6 
H он H он 


Glucose ерітегѕ аї С=4 Galactose 


epimers аге isomers in which orientation of -H & -OH is different 
at a particular -C. 


a - forms - H is above 


b - forms - H is below. 


Position of H at carbon no.1. 


a - Mannose р - Mannose 
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HETEROPOLYSACCHARIDES 


* when polysaccharides are composed of different types of sugar or their 
deriatives, they are referred as heteropolysaccharides. 


Mucopolysaccharides 
They are heteroglycons made up of repeating units of sugar derivatives 

namely amino sugars & uronic acids. 

+ Mucopolysaccharides are commonly known as glycosomino-glycans 

(GAG). 

¢ Aceylated amino groups, besides sulphate & carboxyl group are 
generally present inGAO structure. 

* Some mucopolysaccharides are found in combination with protein to 
form mucoproteins or mucoids or proteoglycans. 

+ May contain 95% carbohydrate & 5% protein. 

+ Mucopolysaccharides are essential components of tissue structure. 

+ Extra cellular space of tissue (particularly connective tissue cartilage, 
skin, blood vessels, tendons) consist of collagen & elastin fibers 
embedded ina matrix or ground substance. 

¢ Ground substance composed of GAG. 

¢Imp. mucopolysaccharides include hyaluronic acid, chondroitin 
4 - sulphate, heparin etc. 
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the production of ATF. 
Glucose 


ary Hexokinase or 
ADP Glucokinase 


Glucose 6 - phosphate 
p 


Mg” 


isomerase 


Fructose 6 - phosphate 
v Phosphofructokinase 


ADP 
Fructose 1,6 - bisphosphate 
Aldolase 
Glyceraldehyde 


Dihydroxyacetone 


phosphate 3-phosphate 


Glyceraldehyde 
3-phosphate 
dehydrogenase 


Pi 


1,3 - Bisphosphoglycerate 


ADP. 
mg] Phosphoglycerate 
ATP kinase 


3 - Phosphoglycerate 
l Phosphoglycerate 


mutase 
2 - Phosphoglycerate 


"d 
H,0 
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Defined - sequence of reaction converting glucose to pyruvate or lactate with 


Phosphoenolpyruvate 


ADP jJ Pyruvate 


Mg” А 
АТР Кіпаѕе 


Pyruvate (епо) 


| 


Pyruvate (keto) 


NADH + H 
Lactate 


МА dehydrogenase 


Lactate 
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Regulation of glycolysis 


Hexokinase - inhibited by glucose 6 - phosphate. Hexokinase prevents the 
accumulation of glucose 6 - phosphate due to product inhibition. 


Phosphofructokinase (PFK) - imp. regulatory enzyme in glycolysis. 
¢ This enzyme catalyses rate limiting committed step. 


Pyruvate Kinase - Inhibited by ATP &activated y F1, 6ADP. 


Energy Orientation 


Enzyme ATP. Synthesis 
Glyceraldehyde 3- phosphate 6* 
dehydrogenase. 

Phosphoglycerate kinase 2 
Pyruvate kinase 2 

2 АТР аге consumed inthe reaction -2 
catalysed by hexokinase & phosphofructokinase 

Net ATP synthesis in aerobic condition 8 
pyruvate dehydrogenase 6 


How to write in university exams :- 

¢ Definition 

¢ Steps -S Energy investment phase or 1 stage. 8 Splitting phase 
8 Energy generation phase. 

* Regulation. 

+ Energy Generation + Net ATP synthesis. 
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CITRIC ACID CYCLE (KREB'S CYCLE) 


% Citric acid cycle essentially involves the oxidation of aceytl CoA to Co2 
å H,O. 

+ Most imp. metabolic pathway for the energy supply to the body. 

+ 65-70 % of ATP synthesized. 


Pyruvate 
NAD’ Pyruvate 
CoA - SH dehydrogenase 
NAOH + Н 


со, 
Acetyl CoA 


CoASH 
oxo” Citrate M " 
or Synthase cit?" 
О 
NADH + H+ 1 9:0 
Aconitase 
nave, E 
ehydrogenase Cis Aconitate 
L-malate ; 
Aconitase 
KREB' S Isocitrate 
H,0 <} Fumarase Cy CLE Isocitrate NAD+ 
Dehydrogenase C 
NAH + H+ 
Fumarate 
Oxalosuccinate 
КУУ 
Ж, 
gf “Co, 


xo! 
ye xof 
Succinate А o^ wis oy 
Succinate any! SNE 
nn thiokinase E24 we" 
GTP E 
ceas pad“ 
GDP. 
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Inhibitors of Kreb's cycle 


Enzyme Inhibitor 

Aconitase Fluoroacetate (Non-competitive) 
a- glucorate Arsenite (Non-competitive) 
dehydrogenase 

succinate 

dehydrogenase Malonate (Competitive) 


Regulation of Kreb's cycle 


+ Citrate synthase: - inhibited by ATP, NADH, Acetyl CoA & succinyl CoA. 
+ Isocitrate dehydrogenase: - Activated by ADP & inhibited by ATP & NADH. 
«a - ketoglutamate dehydrogenase: - inhibited by succinyl CoA & NADH. 


Energy Generation 


Energy reaction ATP synthesized 
3 NADH 3NAD+ 9 

FADH, FAD 2 
Substrate phosphorylation 1 

(GTP) 

Total ATP for one Acetyl CoA 12 
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How to write in university exams :- 


+ Defination 
+ Steps - 8 


§ Formation of citrate. 

§ 2 & 3 citrate is isomerized to iso citrate. 
5 4&5 Formation of a - ketoglutrate. 

§ Conversion of a - ketoglutrate to succinyl. 
§ Formation of succinate. 

§ Conversion of succinate to fumarate. 

§ Formation of malate. 

§ Conversion of malate to oxaloacetate. 


+ Inhibitors of kreb's cycle. 
* Regulation of kreb's cycle. 
+ Energy generation. 
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GLYCOGEN METABOLISM 


+ Glycogen is the strange form of glucose in animals as is starch in plants. 
+ It mostly store in liver (6-8%), Muscle (1-2%). 
* Due to more muscle mass, the quantity of glycogen in muscle is about 3 


times higher than that in liver. 


Glycogenesis 


Synthesis of glycogen from 
glucose. 


Glucose 
ATP 
ADP 


Glucose - 6 -phosphate 
Phosphoglycomutase 


) Hexokinase 


Glucose- 1 -phosphate 
pell UDP glucose 


PPi phosphorylase 
UDP Glucose 
Glycogen initation 
synthase 


Glucose primer 


13(UDP) 5 | Glycogen synthase 
13 UDP 


Glycogenolysis 


Degradation of stored 
glycogen inliver & muscle. 


ө-ө-ө-ө-ө-@— 
Glycogen 
A+ Glycogen 
ө-ө-ө { phosphorylase 
өө М 
è 01,6 -bond 
è 
ө-ө-ө-ө-@-ө-ө-ө 
limit dextrin 
Debranching 
enzyme 


0 


| 
e—e0e—0—0—0—0—0—0 
Glucose | men 


enzyme 
nee) (a-1,6 glycosidose 
activity) 
@-—0-—0-0-0--0--0--0--@ 
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Glycosyl Further action of 
transferase phosphorylase 


Glucose 1- phosphate 


P | 
Elongation by hosphoglucomutose 
3 glycogen synthase 
; Glycolysis «= 61исоѕе 6- phosphate 
l Branching by 
3 glycosyl transferase 


| Glycogen Glucose 


synthesis of glycogen from glucose is glycogensis. 
* Synthesis of UDP - glucose ; - 
+ The enzymes hexokinase & glucokinase convert glucose to glucose 6 - 
phosphate. 


+ Enzyme phosphoglycomutase convert glucose 6 - phosphate to glucose 
1 - phosphate. 
¢ UDP glucose pyrophosphorylase convert UDP glucose to glucose primer. 
* Requirement of primer to initiate glycogenesis : - 
+ A small fragment of pre- existing glycogen must act as a primer" to 
initiate glycogen synthesis. 
+ It recently found that in the absence of glycogen primer, a specific 
protein - namely glycogenin can accept glucose from UDPG. 
¢ Glycogen Synthesis by glycogen synthesis :- Glycogen synthase is responsible 
for the formation of 1,4 - glycosidic linkage. 
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¢Foramtion of branches in glycogen ;- Glycogensynthase can catalyse the 
synthesis of a linear unbranched molecule with 1,4 a - glycosidic linkage. 
The overall reaction of the glycogen synthesis for the addition of each 
glucose residue is - 
(Glucose)n + Glucose + 2 ATP — (Glucose) п+1+ 2 ADP «Pi. 
* Regulation of glycogenesis & glycogenolysis : - 
¢ A good coordination & regulation of glycogen synthesis & its degradation 
is essential to maintain the blood glucose level. 
+ Glycogenesis & glycogenolysis are respectively controlled by the 
enzymes glycogen synthase & glycogen phosphorylase. 
* Regulation of these enzymes is accomplished by 3 mechanisms - 
§ Allosteric regulation. 
§ Hormonal regulation. 
§ Influence of calcium. 


How to write in university exam :- 
S Defination. 


S Flow charts. 
S Steps. 
S Regulation. 
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GLUCONEOGENESIS 


+ Synthesis of glucose or glycogen from non - carbohydrate compounds 
known as gluconeogenesis. 

+ Major substance / precursors for glyconeogenesis are lactate, 
pyruvate, glycogenic amino acids, propionate & glycerol. 


Conversion of lactate to Pyruvate (Cori cycle) 


Muscle 


Glucose Glucose 


Glucose - 6 
phosphate Transfor- 
mation 
NAD Lactate 
Pyruvate АЭМ Dehydrogenase 
Transfor- / N Alanine 
mation 
Alanine Lactate Lactate 


Conversion of lactate to Pyruvate (Cori cycle) 


Pyruvate 


ATP ADP Pyruvate 
Carboxylase 


0; 
Oxaloacetate 


d Phosphoenol pyruvate 
GD carboxylase 
Co, 


Phosphoenol Pyruvate 
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Conversion of glycogen to glucose 


Glycogen 
ATP 
ee l Glycogenkinase 
Glycogen - 3 - phosphate 
NADH 
& Glycogen-3 phosphate dehydrogenase 


NA 
Dihydroxyl acetone phosphate 


Fructose 1,6 phosphate 

Fructose 1,6 phosphatase 
Fructose - 6 phosphate 

Isomarse 


Glucose - 6 phosphate 
Glucose 1,6 phosphatase 


Glucose 


Propionyl CoA Propionyl CoA 


Carboxylase 


Mutase 
Propionyl CoA у Ag Methyl === SUCCINY| === Oxaloacetate 
A 


TP ADP Malony! CoA 
PM Phosphoenol 
Long chain жое L4 
À Deoxyadenozyl 
fatty acid i 
cobalamine Glucose 
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¢Regulation of gluconeogenesis :- The hormones glucagon, glucocorticoids & 
insulin & the availability of substance mainly regulate gluconeogenesis 
as discussed. 

¢ Active form of pyruvate kinase is converted into inactive from 
through the mediation of cyclic AMP, brought about by glucagon. 

§ Decreased pyruvate kinase results in the reduced & the former is 
diverted for the synthesis of glucose. 

+ Glucagon reduces the conc. of fructose 2,6 biphosphate. This 
compound allosterically activates phosphofructokinas & inhibits 
fructose 1,6 - bisphosphatase. This favours gluconeogenesis 
Glucocorticoids promote the synthesis of hepatic aminotransferase, 
which provide substrate for gluconeogenesis. Insulin inhibits 
gluconeogenesis. 


How to write in university :- 
* Defination. 


* Flow chart. 
* Steps. 
* Regulation. 
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HEXOSE MONOPHOSPHATE SHUNT. 
(HMP Shunt). 


Hexose monophosphate pathway or HMP shunt s also called pentose 
hosphate pathway or pathway to glycolysis & TCA cycle for the 
oxidation of glucose. 
Glucose 6- phosphate. (6c) 
Glucose - 6 - phosphate 
dehydrogenase 


6- phosphogluconolactone. (6c) 
но.) Gluconotonase 


6- phosphogluconate 


NA ie, 6-phosphogluconate 
NADPH Dehydrogenase 


Co2 
Ribulose 5- phosphate . (5с) 


oxidative phase 


Episomerase Isomerase 


Xylulose Ribose -5- phosphate(5c) 
5- phosphate(5c) 


Transketolase 


Non oxidative phase 


sedoheptulose Glyceraldehyde 
7-phosphate (7c) 5-phosphate(5c) 


Erythrase 6- phosphate(4c) Fructose 6- phosphate(6c) 
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steps: - 
1. Oxidative phase; - 
¢ Glucose 6- phosphate dehydrogenase is an NADP - dependent enzyme 
that converts glucose 6 phospho to 6 - phsophogluconolactone. 
¢ Later is then hydrolysed by the gluconolactone hydrolase to 6- 
phosphogluconate. 
+ Synthesis of NADPH is catalysed by 6-phosphogluconate 
dehydrogenase to produce 3 keto 6-phsphogluconate which then under- 
-goes decarboxylation to give ribulose 5-phosphate. 


GPD regulates HMP shunt; - 
+ 1° reaction catalysed by G,PD is most regulatory іп HMP shunt. 
+ This enzyme catalyses an irreversible reaction. 
+ NADPH competitively inhibits GPD. 


2. Non-oxidative phase: - 

+ Ribulose 5-phosphate is acted upon by an epimerase to produce xylulose 
5-phosphate while ribose 5-phosphate ketoisomerase converts ribulose 
5-phosphate to ribose 5-phosphate. 

* Enzyme transketolase catalyses the transfer of 2 carbon moiety from 
xylulose 5-phosphate to ribose 5-phosphate to give а 5 carbon glycocer- 
-ceraldehyde 5-phosphate & 7-carbon sedoheptulose - 7 phosphate. 

+ Transketolase is dependent on the conenzyme thiamine pyrophosphate 
(TPP) & Mg2+ ions. 
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+ Transaldolase bring about the transfer of a 3-carbon fragment from 
psedoheptulose 7 phosphate to glyceraldehyde 3-phosphate to give 
fructose 6-phosphate & four carbon erythrose 5- phosphate & transfer 
a 2-carbon fragment from it to erythrose 4-phosphate to generate 
fructose 6-phosphate. 


Energy Generation 


For complete oxidation of glucose 6-phosphate to 6 Co2, we have to start 
with 6 molecules of glucose 6-phosphate. of athese 6,5 moles are regenerated 
with the production of 12NADPH. 


Significance of HMP shunt 


HMP shunt is unique in generating two imp. products pentose & NADPH 
needed for biosynthetic reactions & other functions. 


How to write in university exams 


+ Defination 
+ Flow chart 
+ Steps - 
§ oxidative phase. 
§ Non - oxidative phase. 
+ Energy Generation. 
+ Significance. 
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LIPIDS 


+ Lipids may be regard as organic substances. relatively insoluble in 
water, soluble in organic solvents (alcohol, either etc.) actually or 
potentially related to fatty acids & utilized by living cells. 

+ Lipids are not polymers. 


Classification of lipids 


1. Simple lipids:- Esters of fatty acids with alcohol - 2 types. 
+ Fats or oils :- (triacylglycerols) - These are esters of fatty acids with alcohol. 
8 Oil :- liquid, fat - solid at room temp. 
¢ Waxes :- Esters of fatty acids (usually long chain) with alcohol other than 
glycerol. 
8 Cetylalcohol is most commonly found in waxes. 


2. Complex lipids :- Esters of fatty acids with alcohol containing additional 
groups suchas phosphate, Nitrogenous base, carbohydro protein etc. 


Futher divided 


Phospholipids :- containing phophoric acid & frequently a Nitrogenous base. 
(a) Glycerophospholipids - Phospholipids contain glycerol as alcohol. 
Ex:- lecithin, cephalin. 


(b) Sphingophospholipids - Sphingophospholipids contain sphingosine is the 
alcohol in this group of phospholipid. 
Ex:- Sphingomyelin. 
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¢ Glycolipid :- Contain fatty acid, carbohydrate, Nitrogenous base. 
§ Glycerol & phosphate are absent. 
Ex :- Cerebrosides. 


¢ Lipoprotein :- Macro molecular complexes of lipids with protein. 
Other complex :- Sulpholipids , aminolipids & lipopolysaccharides. 


3. Derived lipids :- Derivatives obtained on hydrolysis of Group 1 & Group 2 lipic 
which passes the characteristics of lipids. 
+ These include glycerol & other alcohols, fatty acids, mono & 
dicycloglycerols, lipid soluble vit., steroid hormones, Hydrocarbon & 
ketone bodies. 


4. Miscellaneous lipids :- Include a large no. of compounds possesing the 
characteristics of lipids. 
Ex :- corotenoids, squalene, Hydrocarbons such as penta cosane etc. 


5. Neutral lipids :- Lipids which are uncharged are reffered to as neutral lipids. 
These are mono, di, triacylglycerol, cholestrol & cholesteryl esters. 
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Defined as - Fatty acids are carboxylic acid with hydrocarbon side chain. 
+ They are simplest form of lipids. 


(3) Types :- 
1. Saturated Fatty Acids :- Has the max. possible no. of hydrogen atom 
attached to every carbon atom. 
¢ All carbons are attached to each other with single bonds. 


2. Unsaturated Fatty Acids :- A pair of H-atom in the middle of chain is missing 


creating gap that leaves 2 carbon atoms connected by a double bond 
rather than single bond. 


3. Monosaturated or Poly Saturated Fatty Acids :- Fatty acid with one double 


bond is called monosaturated because it has one gap. 
Fatty acids having more than one gap are called polysaturated. 


Saturated Unsaturated 
S 1 To 
H H 
Carbon - carbon Carbon - carbon 
single bond. double bond. 
Ex :- Lauric Acid Ex :- Omega -3, Oleic acid, 
Stearic Acid Omega -7, 6, Linoleic acid. 
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ESSENTIAL FATTY ACIDS 


¢ Fatty acids that cannot be synthesized by the body & therefore should 
be supplied in the diet are knownas essential fatty acids. 

+ Chemically they are polyunsaturated fatty acids namely Linolenic acid 
& Linoleic acid. 

¢ Arachidonic acid becomes essential, if its precursor linoleic acid is not 
provided in the diet in sufficient amounts. 


Biochemical basis for essentiality :- Linoleicacid & Linolenic acid are essential 


since humans lack the enzymes that can introduce double bonds beyond 
carbon 9-10. 


Functions of EFA :- 
¢ Required for the membrane structure & function. 
+ Transport of cholestrol. 
¢ Formation of lipoprotein. 
€ Prevention of fatty liver. 


Deficiency of EFA :- 


Results - Phrynoderma or toad skin characterized by - Horny erruptions on the 
post &lat. parts of limbs. 
¢ On the back & buttocks. 
¢Loss of hair & poor wound healing. 
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PHOSPHOLIPIDS 


+ These are complex & compound lipids containing phosphoric acid in 
addition to fatty acid, Nitrogenous base & alcohol. 


2 Classes of Phospholipids: - 


(A) Glycerophospholipids: - 
¢ Major lipid that occur in biological membrane. 
¢ Consist of glycerol 3- phosphate esterified at its C,&C, with 
fatty acids. 
¢ Usually C, contain saturated fatty acid. C, contain unsaturated 
fatty acid. 
(I) Phosphatidic acid :- Simple phospholipid. 
+ Phosaphatidic acid is an intermediate in synthesis of 
triacylglycerols & phospholipid. 


(ii) Lecithin :- Most abundant group of phosphatidic in the cell 
membrane. 
* Chemically lecithin is phosphatidic acid with choline as the bags. 
(iii) Cephaline:- Etharolamine is the Nitrogenous base present in 
cephaline. 
¢ This lecithin 2 cephaline differ with regard to the base. 
(vi) Phosphatidylinositol:- Imp. Component of cell membrane. 
+ Action of certain hormones. (eg. Oxytocin, Vasopressin) is 
mediated through PI. 
¢ In response to hormonal action, PI is cleaved to diacyloglycerol 
& inositol triphosphate. 
+ Both these compounds act as second messengers for hormonal 
action. 
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(V) Phosphatidylserine:- Amino acid serine is present in the group of 
glycerophospholipide. 

(vi) Plasmalogens:- When fatty acid is attached by an ether linkage 
at. C, of glycerol in the glycerophosphoslipid Resultant compound 
is Plasmologen. 

(vii) Cardiolipin :- Consist of 2 molecules of phosphatidic acid held by 
an additional glycerol through phosphate group. 

¢ Cardiolipin is the only phophoglyceride that possesses antigenic 

properties. 
(2). Sphingomyelins: - 

+ Sphingosine is an amino alcohol present in sphingomyelins. 

¢ Do not contain glycerol. 

* Imp. constituents of myelin & are found in good quantity in brain & 

Nervous tissue. 
Functions of phospholipids: - 
¢ Phospholipids in mitochondria are responsible for maintaining the 
conformation of a transport chain components & thus cellular 
respiration. 

+ Accumulation of fat in liver (fatty liver) can be prevented by 

phospholipid. 

¢ Phospholipids act as surfactants. 

+ Association with proteins phospholipids from the structural 

components of membranes & regulate membranes in permeability. 

* Participate in absorption of fat from intestine. 

¢ Essential for synthesis of different lipoprotein & this participate in 

transport of lipid. 
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LIPOPROTEIN 


¢ Lipoproteins are molecular complexes that consist of lipids & 
proteins. 
+ They function as transport vehicles for lipids in blood plasma 
* Lipoproteins deliver the lipid components (cholestrol, triacyclogly- 
-cerol etc.) to various tissues for utilization. 
Structure of Lipoprotein :- 
¢ A lipoprotein basically consist of a neutral lipid core.(with 
triacylglycerol or cholesteryl ester) surrounded by a coat shell of 
phospholipids., apoproteins & cholesterol. 
¢ The polar portions of phospholipids & cholesterol are exposed on the 
surface of lipoprotein so that lipoprotein is soluble in aqueous 
solution. 
Classification of Lipoproteins :- 
5 Major classes of lipoproteins, based, on separation by 
electrophoresis. 
(i) Chylomicrons :- 
€ They are synthesized in the intestine & transport exogenous 
triacylglycerol to various tissues. 
+ They consist of highest (99%) quantity of lipid & lowest (1%) 
quantity of proteins. 
(ii) very low density lipoprotein (VLDL) :- 
+ They are produce in liver & intestine. 
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(iii) High density lipoprotein (HDL): - 
+ They are mostly synthesized in liver. 
¢ Three different fractions of HDL (1,2,3) can be identified by 
ultracentrifugation . 
* HDL particles transport cholesterol from peripheral tissue to 
liver. 
(iv) Free-fatty acids-albumin: - 
+ Free-fatty acids in the circulation are in a bound from to 
albumin. 
* Each molecule of albumin can hold about 20-30 molecules of free 
fatty acids. 
¢ This lipoprotein cannot be separated by electrophoresis. 
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B-OXIDATION OF FATTY ACID 


¢ Defined as — oxidation of fatty acids on the B-carbon atom 
This results in the sequential removal of 2 carbon fragment , асу! 


CoA. 
Fatty Acid 
vas CoA-SH mE 
Thiokinase Activation 
AMP + РР 
Aceyl CoA CYTOSOL 
COMBING TRANSPORT SYSTEM Transport 
MITOCONDRIA 


\ FAD 2 Acyl CoA Oxidation 
H20 <--\--- FADH2 dehydrogenase 
O2 trans - enoyl CoA | 
Hydration 
Enoyl CoA 
H20 | hydratase 
1 - Hydroxyacyl CoA 
NAD+ Oxidation 
E В - Hydroxyacyl CoA 
H20 Ad Hi dehydrogenase 
B - Ketoacyl CoA Jo; 
CoA-SH | Thiolase 
О О Cleavage 
n 
R-CH2-C-SCA + CH3 - C - SCoA 
Acyl CoA Acetyl CoA 
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Stages Involves 3 Stages 
1. Activation of fatty acids occuring in cytosol: - 
¢ Fatty acid activated to acyl CoA by thokinases 
* Reaction occur in 2 steps. 
* Requires ATP, coenzyme A & Mg2+ 
¢ Fatty acid reacts with ATP to form acyldenylate 
§ Combine with coenzyme A — Acyl CoA. 
¢ In activation 2 high energy phosphate utilized. 


2. Transport of acyl CoA into Mitochondria: - 


+ Acyl CoA is transferred to carnitine catalysed by the carnitine 
acyl tranferase. 

+ Acyl - carnitine is transported across the membrane to mitochondrial 
matrix by a specific carrier protein. 

+ Carnitine acyl transferase II (inner surface of inner mitochondrial 
membrane) converts acyl - carnitine to acyl CoA. 


3. Oxidation Proper:- Occurs in sequence of 4 reactions. 

¢ Oxidation:- Acyl CoA undergoes dehydrogenation by FAD- 
dependent falvoenzyme. Double bond occurs between A & B carbons. 

+ Hydration: - Enoyl CoA hydratase brings about the hydration of 
double bond to form B- hydroxyacyl CoA. 

+ Oxidation: - B-hydroxylacyl CoA dehydrogenase catalyses the 2nd 
oxidation & generates NADH. Product formed is B- ketoacyl CoA. 

+ Cleavage: - Final reaction in B- oxidation is the liberation of 2 carbon 
fragment, acetyl CoA from acyl CoA. This occur by a thiolytic 
cleavage. catalysed by B- ketoacyl CoA thiolase. 
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Energetics of B-oxidation :- 
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¢ ultimate aim fatty acid oxidation is to generate energy. 


(Т) B-oxidation 7 cycles 7 FADH, (oxidized by el- transport 
chain, each FADH, gives 2 ATP). 


7 NADH (oxidized by ETC,each NADH liberates 3A TP) 
(II) From B acetyl Co A oxidized by kreb's cycle, each 
acetyl CoA provides 12 ATP. 


Total energy from 1 mole of palmitoyl CoA 


Energy utilised for activation 


Not yield of oxidation of 1 molecule of 
palmitate 


1.Defination. 
2.Flow chart. 
3.Steps. 


4.Energy generation. 
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KETONE BODIES 


+ Compounds namely Acetone,Acetoaceate & p- hydroxy butyrate are 
known as ketone bodies. 

+ Only first 2 are true ketones while B-hydroxybutyrate does not 
passess a keto. 

* Ketone bodies are water soluble & energy yielding. 


р-Нуагоху butyrate 


Acetyl CoA Acetyl CoA 
м5" D-hydroxybutyrate 
МАрн+н+ | dehydrogenase 
b-ketothiolase 
Acetoacetate 
Acetoacetyl CoA Succinyl CoA Thiopharase 
Succinate 


HMG CoA Synthase 
Aceto acetyl CoA 


B-hydroxyl-B-methylglutaryl 


CoA (HMGCOA) Thiolase 
HMG Lyase 
2 Acetyl CoA 
Acetoacetate 


B-hydroxybutarase 
Со2 NAD+H+\ dehydrogenase 


B-hydroxy 
butyrate 


Acetone 
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KETOGENESIS 


¢ Synthesis of ketone bodies occur in the liver. 

+ The enzymes of ketone body synthesis are located in mitochondria 
matrix. 

+ Acetyl CoA formed by oxidation of fatty acid pyruvate or some amino 
acids. is the precursor for ketone bodies.Ketogenesis occurs through 
the following reactions. 

1. 2 moles of acetyl CoA condenses to form acetoacetyl CoA.This 
reaction is catalysed by thiolase, an enzyme involved in the final step 
of р-охіааїіоп. 

2. Aceto acetyl CoA combines with another mole of acetyl CoA to 
produce B-hydroxy D-methyl glutaryl CoA. HMG CoA synthase 
catalysing this reaction. Regulate the synthesis of Ketone Bodies. 

3. HMG CoA lyase cleaves HMG CoA to produce aceto acetate & 
acetyl CoA. 

4. Acetoacetate can undergo spontaneous decarboxylation to form 
acetone. 

5. Acetoacetate can be reduced by a denydrogenase to f 

hydroxybutyrate. 


Utilzation of ketone bodies :- 


* Ketone bodies , being water - soluble are easily transported from 
liver to various tissues. 
+ Two ketone bodies - acetoacetate & Ь- hydroxy butyrate serve as an 


imp. Source of energy for peripheral tissues such as skeletal muscle, 
cardiac muscle, renal cortex etc. 


+ The tissue which lack mitochondria cannot utilize ketone bodies. 


JoharimbbsG gmail.com JOHARI MBBS | Youtube 


Ө ВТОСНЕМТ5ТВУ Ө 


* The production of ketone bodies & their utilization become more 
singnificant when glucose is in short supply to the tissues. as 
observed in Starvation & Diabetes mellitus. 

¢ During prolonged starvation, ketone bodies are the major fuel 
source for the brain & other parts of central nervous system. 

+ The ketone bodies can meet 50-70% of the brain's energy needs. 

+ This is an adaptation for the survival of the organism during the 
period of food deprivation. 


Reactions of ketone bodies: - 


+ р- hydroxybutyrate is first converted to acetoacetate & 
metabolized. 
* Acetoacetate is activated to acetoacetyl CoA by a mitochondrial 
enzyme thiophorase. 
+ The coenzyme A is denoted by succinyl CoA. are inter mediate in 
kreb's cycle. 
+ Thiophorase is absent in liver , hence ketone bodies are not utilized 
by the liver. 
The summary of ketone bodies synthesis utilization & excretion is 
depicted. 
Overproduction of ketone bodies: - 
Starvation: - 
1. Starvation is accompoined by increased degradation of fatty acids, 
to meet the energy needs of the body. 
+ This causes an over production of acetyl CoA which cannot be fully 
handled by kreb's cycle. 
+ TCA cycle is impaired due to deficiency of Oxaloacetate , since most 
of it is diverted for glucose sythesis to meet the essential 
requirement for tissues like brain. 
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* The result is an accumulation of acetyl CoA and its diversion for 


overproduction of ketone bodies. 


2 Diabetes Mellitus ( DM):- 
* DM is associated with insulin deficiency. 


¢ This result in impaired carbohydrate metabolism & increased 
lipolysis, both of them ultimately leading to the accumulation of 
acetyl CoA & its to ketone bodies. 
* In severe diabetes, the ketone body cone. in blood plasma may reach 
100 mg/dl & the urinary excretion may be as high as 500 mg/day. 
Regulation of ketogenesis:- ketogenesis is mainly regulated at 3 metabolic 
stages: - 
Mobilization of FFA:- from adipose tissue. 
carnitine palmitoyltransferase I (CCA-1) -Activity is low in fed 
state, & high in starvation. Starvation results in elevated fatty acid 
oxidation. 
Conc. of oxaloacelate:- Low levels of oxaloacetate, found in starvation & 
uncontrolled diabetes, impair oxidation of acetyl CoA Via kreb,s 
cycle.This leads to overproduction of ketone bodies. 
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LIPOPROTEIN 


¢ Lipoproteins are molecular complexes that consist of lipids & 
proteins. 

+ They function as transport vehicles for lipids in blood plasma. 

¢ Lipoproteins deliver the lipid components (cholestrol, triacylglycool 
etc) to various tissues for utilization. 

Structure of Lipoprotein :- 

+ A lipoprotein basically cansist of a neutral lipid care. 

(with triacylgycerol or cholesterylester) surrounded by a coat shell 
of phospholipids, apoproteins & cholesterol. 

* The polar portions of phospholipids cholesetrol are exposed on the 
surface of lipoprotein so that lipoprotein is soluble in aqueous 
solution. 

classification of Lipoproteins: - 

+ 5 major classes of lipoproteins, based on seperation by 

electrophoresis. 
1. chylomicrons: - 

* They are synthesized in the intestine & transport exogenous 
triacylglycerol to various tissues. 

* They consist of highest (99%) quantity of lipid & lowest (1%) quantity 


of proteins. 
(concentration) 


2. Very low density lipoprotein (VLDL): - 
+ They are produce in liver & intestine & are responsible for transport 
of endogenously synthesized triacylglcerol. 
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Development Of Fatty Liver Alongwith 
Responsible Factors 


Adipose tissue. 
Triacylglycerol 
Diabetes 


starvation | Fat mobilization 
Alcohol 


Free fatty acids 


Alcohol 


Acyl CoA —. oxidation 
High Fat 


Diet 
Diacylglycerol choline 


<— chlorine deficiency 


Triacylglycerol phospholipid а Essential 


fatty acid 
Membrane EFA deficiency cholesterol 
synthesis VLDL 
Cholestrol Apo B «= protein synthesis 
(free+ester) 
uromycin Ethione 
Block in P y 


Nascent Е 
eecrection vr carbon tetra chloride 


VLDL 
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FATTY LIVER 


+ The normal concentration of lipid in liver is around 5% 

* Liver is not storage organ for fat, unlike, adipose tissue 
triacylglycerols - accumulate excessively in liver, resulting in fatty 
liver. 

Fatty liver may occur due to 2 main cause: - 
8 Increased synthesis of triacylglycerols. 
§ Impairment in lipoprotein synthesis. 

1. Increased synthesis of triacylglycerols : - 

* Mobilization of free fatty acids from adipose tissue & utilization. 

* This leads to overproduction of triacylglycerols & their accumulation 
in liver. 

* DM, starvation, alcoholism & high fat diet are associated with 
increased mobilization of fatty acids that often causes fatty liver. 

¢ Alcohol also inhibits fatty acids oxidation & thus promotes fat 
synthesis & its deposition. 

2. Impairment in lipoprotein synthesis: - 

* The synthesis of very low density lipoproteins actively takes place in 
liver. 

* VLDL formation requires phospholipids & apoprotein 

¢ Synthesis liver caused by impaired lipoprotein synthesis may be due 
to:- 

(a) Defect in phospholipid synthesis. 
(b) A block in apoprotein formation. 
(c) A failure in formation/secretion of lipoprotein. 
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CHOLESTEROL 


Definition :- Cholesterol is synthesized via cascade of enzymatic reactions 
known as the mevalonate pathway. This series of reactions is primarily 
regulated by a rate-limiting step involving the conversion of hydroxyl-methyl 
glutaryl-coenzyme A (HMG-CoA) into mevalonate. 

Acetyl CoA — —». 3-hydroxyl-3-methylglutaryl-CoA 


| (HMG-CoA) 
Thiolase HMG-CoA HMG-CoA reductase 
Synthase STAINS 
Acetoacetyl-CoA v ^. 
Mevalonic acid 
ATP 


Mevalonic kinase 


Mevalonate -5 - phosphate 


Phosphomevalonate kinase 


Mevalonate-5-pyrophosphate 
Isopentenyl-PP 
isomerase 
Dimethylallyl -PP«— Isopentenyl-5-pyrophosphate (PP) 
Farnesyl-PP synthase 
BIOPHOSPHONATES 


CO, Mevalonate-5-pyrophosphate decarboxylase 


Geranyl PP 

Farnesyl-PP synthase 

BIOPHOSPHONATES 
Geranylgeranyl PP«———  Farnesyl РР 

Squalene Synthase 
Squalene 
Squalene monooxygenase 

2,3 oxidosqualene 


Geranylgeranyl- 


NADPH Squalene epoxygenase 
HEME A 
PRENVLATED  DOLICHOL Lanosterol 
PROTEINS — UBIQUINON ret". CHOLESTROL 
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АМТМО АСТЫ 


¢ Group of organic compound containing two functional groups - amino 
& carboxyl. 

+ Amino group (-NH,) is basic while carboxyl group (-CooH) is acidic in 
nature. 

* cells contains 170 amino acids. 

+ 25 amino acid involve in protein synthesis 

* Mostly 20 amino acids are made up of protein. 


General structure of amino acid. 


H sustiute methane 
| H 
R — C — CooH | 
| Carboxyl H= 
NH, Group | 
Атіпо Н 
CooH CooH CooH 
| | | 
H— C — NH, H— с — Nh, H— C = МН, 
| | | 
H CH, CH,-OH 
Glycine Alanine Serine 
(simple) 
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Classification of Amino acids: - 
* on basis of composition 


Acidic Basic Neutral 
extra 
A-COOH R R 
| | 
а ae йа 
Н Н Н 
1 NH, 1 COOH 1 NH, 
2 COOH 2 NH, 1 COOH 


No extra R group. 
or COOH group. 


Ex:- Aspartic acid Glycine 
Glutamic acid Alanine 
Valine 
Leucine 
Isoleucine 
On the basis of production in body. 
Essential 
—» Not Produced —» Produced —> Produced 
By Body By Body By Slow Rate 
— Essential to be —» Not Essential to be —> So partially eaten 
taken in diet taken 
Ex:- Histidine,Arginine Ex:-Alanine, Aspartate 
Isoleucine, Leucine, Glycine, Serine, 
Lysine, Tyrosine 
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PROTEIN 


$ Proteins are polymers of amino acids. 

* Heteropolymers 

+ Composed by C,H,O & N elements. 

¢ Abundant organic compound of cells. 

+ 50% dry weight of cell is composed by protein. 
+ cells contain 170 amino acids. 

+ 25 amino acids involve in protein synthesis. 


Types of protein: - 
+ A) A/C to Composition. 


Proteins 
Simple Conjugated 
Only amino acids form Consisting of globular 
their structure. protein & highly bound 
prosthetic group. 
Ex:- pepsin, Trypsin Ex.:- phosphoprotein 
Glycoprotein 
Lipoprotein 


B) A/C to function. 
(I) Enzyme: - Control the metabolism of cell eg —> Trypsin. 
(ii) Hormone: - Regulate the metabolic process eg —> Insulin. 
(iii) Haemoglobin: - Carry & transport of Co, 
(iv) Fibrinogen:- Blood clotting protein. 
(v) Actin/Myosin: - Involve in movement of organs & organism. 
(vi) Tubulin protein:- Involve in movement of chromosomes at 
anaphase. 
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STRUCTURE OF PROTEIN 


Defined as —> polymer of amino acids joined by peptide bonds. 
Example: - 
R H R ROHR 
| | | I i d dg 
мн—с—сорн) + м—с—соон ES Ду) ЖШ с—с--м—0—соон 
H H H H 
Peptide bond 
* Hydroxyl of carboxylic group of one amino acid & Hydrogen of one 
amino group. 
+ -H:O molecule & form C-N bond is klw as peptide bond. 


Example: - 
H н CH, но HCH, 
| il d | 


| > 
== OH|+ м—с—соон HO wi. c. c N—C—COOH 
P l | 
" Hi H H H 


Glycine + Alanine Glycylalanine 


primary structure of protein: - 
+ The linear sequence of amino acids forming the back bone 
of proteins. 
+ The no. polypeptide chains together form proteins. 
+ These chains have amino acids arranged in a particular sequence 
which is characteristic of the specific protein. 
+ Any change in the sequence changes the entire protein. 
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H R, О H O RO HHO R. O 
O И ly to lq Foy 
TOL ld 114 1 TNI 
ld, LE. ne | i » 


Peptide Peptide Peptide Peptide 
bond bond bond bond 


Extra:-This structure give information about:- 
* No of amino acids. 

¢ Arrangement of amino acids. 

Ex:- immature protein. 

+ Formed in Ribosomes. 


Secondary Structure of protein: - 
¢ Special arrangement of protein by twisting of the polypeptide chain. 
+ Amino acids are located close to each other in their sequence. 
* 2 types of structure. 
§ a - Helix 
8 p - pleated sheet. 
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a- Helix: - 

* Most common spril structure of protein. 

* It hasa rigid arrangement of polypeptide chain. 

+a - Helix is tightly packed coiled structure with 7 
amino acid side chain extending outward from 
the central axis. 

¢ Stabilized by Hydrogen bond. 

+ Formed b/w Н atom attached to peptide N,O 
atom attached to peptide C. 

+ Each torn of Helix contain 3,6 amino acids. 

+ Rt handed helix is more stable than Lt handed 
helix. 

Ex:- Keratin. 


p- pleated sheet: - 
+ D-pleated sheets are composed of two or more segments of fully 
extended peptide chains. 
+ In D-sheet, the hydrogen bonds are formed b/w the neighbouring 
segments of poly peptide chain. 


H О H 
| „М | 
EN / NR, LZ NGA 
C li 
i л: J> Hydrogen 
| H О bond 
| М | : between chains 
Al "e 1" Nu T NU 
О О Н Ex:- Fibroin (Silk protein) 
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Tertiary Structure :- 
+ 3D arrangement of protein structure is reffered to as tertiary 


structure. 
* compact structure with hydrophobic side chain held interior while 


hydrophobic groups are on the surface of the protein molecule. 
Bonds of 3D structure: - 
* Hydrogen bond, disulphide bond (5-5), ionic interactions & 
hydrophobic interactions also contribute to the tertiary structure 


of proteins. 
A.W NH2- aN СО Кум 
“щщ 
Cystine 
5 у 
снг 


I 
O 
| | 
| | 
| | 
(ШИ 
^"^, WF "^N cH сс ме м М 


Quaternary Structure: - 
¢ Great majority of protein are composed of single polypeptide chains. 


¢ Some protein shows 2 or more polypeptide which may be identical or 


unrelated. 
* Such protein are k/w as oligomers & possess Quaternary structure. 
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BIOLOGCALLY IMP. PEPTIDE. 


1. Glutathione: Tripeptide composed of 3 amino acids. 
* Chemically, glutathione is Y-glutamyleysteinyglycing 
* Widely distributed in nature & exist in reduced or oxidized states. 
26 - SHS—=G=S-S-G 


Reduced Oxidized 
Function: - 
¢ It prevents oxidation of sulphydryl (-SH) group of several protein to disulphide 
(- S- S-) group. 


¢ Glutathione Performs specialized function in erythrocytes. 
* Maintains RBC Membrane structure & integrity. 
æ Protects hemoglobin from getting oxidized by agent such as H,O, 
* Involved in transport of amino acid in the intestine & kidney tubules via 
Y-glutamyl cycle or Meister cycle. 
¢ Involve in detoxication process. 


2. Thyrotropin Releasing hormone (TRH) :- 
+ It is a tripeptide secreted by hypothalamus. 
+ TRH simulates pitutary gland to release thyrotopic hormone. 


3. Oxytocin: 
* Hormone secreted by post pitutary gland & contain 9 amino acids. 
* Oxytocin causes contraction of uterus. 


4. Vasopressin: - 
+ Also Non-peptide produced by post pitutary gland. 
+ Stimulate kidney to retain water thus increase BP. 
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5. Angiotensin: - 
* Octapetide (8 amino acids) which converted to angiotensin 


II (8 amino acids) 
+ Stimulate the release of aldosterone from adrenal gland. 


6 Mothionine enkephalin: - 
+ Pentapeptide found in brain & has opiate like function. 


+ Inhibit the sense of pain. 


7 Bradykinin & Kallidin: - 
* They are nona-decapeptide. 


* Both act as powerful vasodilators. 
+ Produced from plasma protein by snake venom enzymes. 


8 Peptide antibiotics: - 
¢ Antibiotics such as gramicidin, bacitracin, tyrocidin & actinomycin. 


9 Substance P: 
* Decapeptide act as neurotransmitter. 


10 Gastrointestinal hormone: - 
+ Gastrin, Secretin etc are the gastro intestinal peptides which serve 
as hormnone. 
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AMINO ACID METABOLISM 


Transamination: - 
+ Transfer of an amino (-NH;) group from an amino acid to a keto acid 
is k/w as transamination. 
+ This process involves the interconversion of a pair of amino acids and 
apair of ketoacids, catalysed by agroup of enzymes transminase. 
+ It is the most imp reaction in the amino acid metabolism. 
Selient Features of transamination are: - 


SG PT+ PPL 
Alanine+d-ketoglutarate ^ ——- Pyruvate + Glutamate 
id Glutamate 
act Pyruvate 


Transamination 


¢ All transaminase require pyridoxal phosphate a coenzyme derived 
from Vit B6. 

+ Specific transaminases exist for each pair of amino acid however 
only two namely Z Asparate transaminase & Alanine Transaminase. 

¢ Transamination is reversible. 

+ It is very imp. for the redistribution of amino groups & Production of 
non- essential amino acids as per the requirement of cell. 

+ Involve in both catabolism & Metabolism. 

+ Diverts excess amino acids towards energy generation. 

+ All amino acids except lysine, threonine, proline & hydroxy proline 


participate in transamination. 
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+ Urea is the end product of protein metabolism. 
+ The Nitrogen of amino acids converted to ammonia is toxic to the 
body. 
+ Ії is converted to urea & Detoxified. 
Urea is synthesized in liver & transported to kidney for excertion in 
Urine. 
NH, + CO, 
2 ATP | Carbamoyl Phosphate 
2ADP+Pi Synthase I 


Carbamyol Phosphate. 


Ornithine Citrulline 


Ornithine 
Transcarbamoylase 


ATP 
> Argino succinate Aspartate 
Arginase synthase 
ADP < 


Urea 
Arginine A 


rginosuccinate 
Arginosuccinase 


Fumarate 
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1. Synthesis of carbamoyl Phosphate: - 


+ Carabamoyl Phosphate synthase I of mitochondria catalyses the 
condensation of NH, ion with Со, їо form carbamoyl phosphate. 
2. Formation of Citrulline: - 
¢ Citrulline is synthesized from carbamoyl phosphate & ornithine by 
ornithine transcarbamoylase. 
* Ornithine is regenerated & used in urea cycle. 
3. Synthesis of arginosuccinate: - 
* Arginosuccinate synthase condenses citrulline with aspartate to 
produce arginosuccinate. 
4. Cleavage of arginosuccinate: - 
* Arginosuccinase cleaves arginosuccinate to give arginine & fumarate. 
5. Formation of urea: - 
¢ Arginase is 5th & final enzyme that cleaves arginine to yield urea & 
ornithine. 
¢ Urea cycle is irreversible & consumes 4 ATP 
+ 2 АТР are utilized for the synthesis of carbamoyl phosphate. 
¢ One ATP is converted to AMP & PPi to producearginosuccinate 
which equals 2 ATP. 
¢ Hence 4 ATP are actually consumed. 
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Regulation of Urea Cycle 


+ The first reaction catalyed by carbamoyl phosphate synthase I is 
rate-limiting reaction or committed step іп urea synthesis. 
+ CPSisallosterically activated by N-acetylglutamate. 
+ It is synthesized from glutamate & acetyl CoA by synthase & 
degraded by a hydrolase. 
* High conc. of arginine increase NAG. 
+ The consumption of a protein-rich meal increases the level of N AG in 
liver, leading to enhanced urea synthesis. 
+ Carbamoyl phasphate synthase I & glutamate dehydrogenase are 
localized in the mitochondria. 
+ They coordinate with each other in the formation of NH, & its 
utilization for the synthesis of carbomyl phosphate. 


+ The remaining four enzymes of urea cycle are mostly. 
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GLYCINE METABOLISM 


¢ Glycine is non-essential, optically inactive & glycogenic amino acid. 


Threonine 
Threonine alos 
Serine hydroxymethyl | 
| transferase Glycine 
Serine p> | 
у ә 
Glycine = 9 
ce Glycine synthase o  Transaminase J > 2 
methylene = N) MS 5 б 
ТНЕ S 
+ eS 
Co2 V Pa Glyoxylate 
+ 
NH5 { 


Oxalate Formate 
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1. Formation of purine ring: - 
+ Entire molecule of glycine is utilized for the formation of position 4 & 5 
carbon & position 7 of nitrogen. 


HSN - CH2 - COOH N^ се № 
| li 
: M 
> N^ M N^ 
Puring Ring 


2. Synthesis of Glutathione: - 
¢ Glutathione is a tripeptide & requires & amino acid for its formation. 


3. Conjugation reactions: - 
* Conjugating agent, glycine performs two imp. function. 
(i) The bile acids - cholic acid & chenodeoxy cholic acid are 
conjugated with glycine. 
Cholic acid * Glycine — Glycocholic acid. 
Cherodeoxycholic acid * Glycine Série А acid 


H,N-CH;-COO 


(10 С Уон ——— Су N-CH,-COO 


Benzoic acid 
4. Synthesis of Heme: - ALA Synthase 
eSuccinyl CoA Glycine+ | ——————9 8- Amino levulinate (ALA) 


5. Biosynthesis of creatine:- 3 amino acids - glycine, arginine & 
methionine-are required for creatine formation. 
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ВТОСНЕМТ5ТВУ 
TYROSINE METABOLISM 


Phenylalanine Н» Phenyl ——> Phenyl шше Phenyl acetate 


pyruvate acetoacetate Glutamine 
Transminase 


Phenylalanine | 
Dehydrogenase Phenyl Ketonuria 


Tyrosine 


Tyrosine ee 
ле БЕ Тугоѕіпетіо Туре ІІ 


A- hydroxyohebyl Pyruvate 


HPP Neonatal 
dioxygenase Tyrosinemia 


Homogentisate ^ ——— ——» Benzoquinone ——————  Alkapton 


Polyphenol Polymerization 
. oxidase 
Homogentisate Alkaptonuria 


Oxygenase 


Maleylacetoacetate 


[rene | Tyrosinemia Type I 


Fumaryl Acetoacetate 


Fumaryl Acetoacetate 
Dehyclrogenase. 


Fumary| ^ Aceftoacetate 
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PHENYL KETONURIA 


+ Phenylketonuria (pku) is the most common metabolic disorder in 
amino acid metabolism. 

* It is due to the deficiency of hepatic enzyme, 
phenylalanine hydroxylase caused by an autosomal. recessive gene. 

+ This enzyme deficiency impairs the synthesis of tetrahy- 
drobiopterin required for the action of phenylalanine hydroxylase. 


Phenylalanine 
Hydroxylase 
Phenylalanine  —— Tyrosine 


| Transaminase 


Phenylpyruvate 
NAD+ 


NADH +H + 
NADH + Н + NAD+ 
СО, 
Phenylpyruvate Phenylactate 
Glutamine 
H,O 


Phenylacetyl Glutamine 
Phenylalanine Metabolism in PKU: - 
Phenylketonuria primarily causes the accumulation of phenylalanine 
in tissues & blood & results in its increqased excretion in urine. due 
to disturbance in the routine meabolism, phenylalanine is diverted 
to alternate of phenylpyruvate phenylacelate, phenylacetate & 
phenylglutamine. 
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All these metabolites are excteted in urine in high conc. in PKU. 


Clinical/biochemical/manifestation: - 
Effect of central nervous system: - 
* Mental retardation, failure to talk or walk, failure of growth, 
seizures & tremor. 
¢ Accumulation of phenylalnine in brain impairs the transport & 
metabolism of other aromatic amino acids. 
+ synthesis of serotonin from tryptophan is insufficient. 


Effect of pigmentation: - 
¢ Melanine is the pigment synthesized from tyrosine by tyrosinase 
Accumulation of phenylalanine competitively inhibits tyrosinase & 
impairs melanin formation. 


Joharimbbs@gmail.com JOHARI MBBS | Youtube 


ALKAPTONURIA. 
(BLACK URINE DISEASE) 


* The defective enzyme in alkaptonuria is homogentisate oxidase in 
tyrosine metabolism. 

* Homogentisate accumulates in tissues & blood & is excreted into 
urine. 

* Homogentisate on standing gets oxidized to the corresponding 
quinones which polymerize to gives black or brown colour. 


Biochemical Manifestations: - 
* Homogentisate gets oxidized by polyphenol oxidase to 
benzoquione acetate which undergoes polymerization to produce a 
pigment old alkapton.produced from homogentisate. 


Diagnosis: - 
* Change in colour of the urine on standing to brown or dark has 
been the simple traditional method to identify alkaptonuria. 


Clinical manifestation: - 
€ The imp. function of melanin is the protection of the body from 
sun radiation. 
* Lack of melanin in albinos makes them sensitive to sunlight. 
¢ Increased susceptibility to skin cancer. 
+ Photophobia. 


JoharimbbsG gmail.com JOHARI MBBS | Youtube 


* Nucleotides are composed of nitrogenous base a pentose sugar & a 
phosphate. 

* Nucleotides are essential for carrying out metabolic & 
physiological activities. 

* DNA & RNA are polynucleotides which contain a chain of 
nucleotides monomers with different nitrogenuous base. 


Structure of Nucleotide: - 


KE 


(3) Nitrogenous base 


НО = Я 
OH 
O 
(1) Phosphate group (2) Pentose sugar 
OH OH 
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ВТОСНЕМТ5ТВУ 


1. Nitrogenous Base:- They comprise pyrimidine or purine 
+ ОМА«Ф Adenine (A), Guanine (G), Cytosine (C) & Thymine (T) 
+ РМА«Ф Adenine (A), Guanine (G), Cytosine (C) & Uracil (U) 


N NH, N Y » H 
N N 
NH, 
N N N N 
7 Pd 
H H 
Adenine Guanine 
NH, О 
Ch м |j „Л 
de" N N N 
О 
М | М 
| H | 
H H 
Thymine Cytosine Uracil 
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2. Sugar:- 
* Nucleotide comprises a pentose sugar DNA (Deoxyribonucleic 


acid) Deoxyribose sugar. 
* RNA (Ribonucleic acid) Ribose sugar. 


Nitrogenous base attached with the sugar is called nucleoside. 


3. Phosphate: - 
+ Phosphate is associated with sugar of nucleoside by an ester bond 


with the 5th C hydroxyl group. 

+ Nucleotide at least contain 1 phosphate group. 

+ Phosphate of 1 nucleotide attaches to the 3rd C-OH group of the 
sugar of the 2nd nucleotide there by forming 5' A linkage. 


Nucleoside * nucleotide. 
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DNA DEOXYRIBONUCLEIC ACID 


* Polymer of deoxyribonucleotides. 

+ The structure of DNA double helix is comparable to a twisted 

ladder. 

* DNA is a group of molecules that is responsible for carrying & 
transmitting the hereditary materials or the genetic instructions 
from parents to offspring nucleotide bases (gluanine, cytosine, 
adenine & thymine) 


© О | Sugar phosphate 
NB backbone 
4 Guamine 
Nitrogenous| Cytosine Base Poir 
3 2 Base Thymine 


Pentose Sugar 
(5C) 


+ Two strands of DNA run in opposite directions. 

* These strands are held together by the hydrogen box that is 
present b/w two complementary base. 

* These strands are helically twisted, where each strand forms a 
Rt-handed coil & 10 nucleotides makeup a single turn. 

€ Pitch of each helix is 54 nm. 

* DNA coils up, forming chromosomes & each chromosome has a 
single molecule of DNA in it. 

+ Adenine is always bind with thymine by double hydrogen bond. 

* Guanine is always bind with cytosine by triple hydrogen bond. 
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Нпгодеп | 
w 3 


Ке Es i 
EU 
Lye 
NC yee Cy or 


Ә 
а 
Ф 


Double stranded Anti parallel. 
Why Anti parallel - because sugar orientation is charged 


Structure of DNA 


H,O 
"we OD 
-p- Glycosidic 
OH= 
ы А 9 bond 


Phosphoester OH H 
bond 


Two neucleotides join together through phosphodiester bond 
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ВТОСНЕМТ5ТВУ 
RNA (RIBONUCLEIC ACID) 


+ RNA helps in the synthesis of protein in our body. 

* RNA resembles same as that of DNA the only difference between 
that it has a single stand unlike the DNA which has two stands & it 
consists of an only single ribose sugar molecule in it hence is 
the name ribonucleic acid. 


» NH 


NH, 
| М 
Cytosin Adenine N © Nh, 
О 
М 
М ММ 
NH, 
N 
Cytosin 
O 
N 
N 


N 
Nucleobase 
— 
Types of RNA:- 


Helix of sugar 
Phosphates 
1. Messenger RNA (mRNA) :- 
* mRNA is synthesized in nucleus as heterogenous nuclear RNA. 


* hRNA on processing liberates the functional mRNA which enter 
the cytoplasm to participate in protein synthesis. 
* mRNA has high molecular wt with short half life. 
2. Transfer RNA (TRNA): - 
* Type of RNA which transfer the specific amino acids from 
cytoplasm to ribosome for protein synthesis. 


CDNA 


JOHARI MBBS | Youtube 


Joharimbbs@gmail.com 


ВТОСНЕМТ5ТВУ Ө 


Transfer RNA (tRNA):- 

+ Transfer RNA molecule contain 70-80 nucleotides with a 
molecular about 25,000. 

+ The structure of tRNA, resembles that of a clover leaf. 

+ tRNA contain mainly four arms, each arm with a base paired 
stem. 

1. the acceptor arm:-The arm is capped with a sequence ccA (5 to 3) 

the amino acid is attached to the acceptor arm. 

2. The antipodean arm:- This arm, with the three specific neucleotide 
based is responsible for the recognition of triplet codon of 
mRNA 

¢ The codon & anticodon are complementary to each other: 

3. The D arm:- It is so named due to the presence of dihydrouridine 

. The T arm:- this are contain a sequence of T preadouridine. 

5. The variable arm- this is most variable in tRNA. Based on this 

variability, tRNA are classified into 2 categories:- 

* Class-I tRNA:- The most predominate form with 3-5 base pairs 
length. 

+ Class-II tRNA:- They contain 13-20 based pair long arm. 


A 


«— T Loop 
D Loop > 


*— Variable Loop 


4— Anticodon Loop 
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PURINE SYNTHESIS 


The purines are built upon a pre-existing ribose 5-phosphate 
Cx -D - Ribose 5 - phosphate 
ATP | PRPP synthetase 
AMP 


5- Phosphoribosyl - Cx pyrophasphate. 
Glutamine | PRPP glutamyl 

*H,O premens 
Glutomate 


B- 5 Phosphoribosylamine 
ATP 77 | Synthetase 
ADP + Pi 


Glycinamide ribosyl 5 - phosphate 
N-for myl THF | formyltransferase 
THF 


Formyglcinamide ribosyl 5-phosphate 
Glycine Synthetase 

*ATP | 

Glutomate 


Formyglycinamide ribosyl 5-phosphate 


ATP 
ADP+pi+H,O | 
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5- Aminoimidazole ribosyl 5- phosphate. 
Со, [ene 


5- Aminoimidazole carboxylate ribosyl 5- phosphate. 
Aspartate * AT Synthetase 
ADP + Pi ме | 


5-Aminamidazole 

4- Succinyl carboxamide 

ribosyl 5- phosphate 

furmarate Adenosuccinate lyase 


5 - Aminoimidazole 

4 - carboxamide 

ribosyl 5 - phosphate 

N" - formyl THF | formyltransferase 
THE | 


5- formaminoimidozole 
4- carboxamide 
ribosyl 5- phosphate 
H,O M e ili 
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BIOCHEMISTRY 
Inosine monophosphate 


NADH + H+ 


Adenylsuccinate Xanthasine mon ophosphate 
(XMP) 


Fumarate | Adenylsuccinase 
| GNP Synthase 


Adenosine Monophosphate | 
(АМР) Guanasine monophosphate 


(GMP) 
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BIOCHEMISTRY 
SALVAGE PATHWAY 


The Free purines are formed in the normal turn over of nucleic acids & 
also obtained from the dietary sources. 

The purines can be directly converted to the corresponding 
nucleotides & this process is also k/w as salvage pathway. 


МН, N Adenine phosphoribosyl МН, М 
М CL» transferase N CIL» 
SSS SSS SSS 
N N PRPP  PPi N N 
Ribose 5-P 
Adenine AMP 
О Hypoxanthine- guanine О 
on phosphoribosyl transferase CT 
N E 
NHN N PRPP РР HN м у 
Ribose 5-Р 
Guanine GNP 
О Hypoxanthine - guanine О 
HN N Е № 
phosphoribosyl transferase HN 
N SSS 
N Ñ PRPP РР! HN N ТҮ, 
Ribose 5-P 
Guanine GNP 
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¢ Adenine phosphoribosyl transferase catalyses the formation of 
AMP from adenine. 

+ Hypoxanthine guanine phosphoribosyl transferase converts 
guanine & hypoxanthine respectirely to GNP & Imp. 

¢ Phosphoribosyl pyrophosphate is the donor of ribose 5-p in the 
salvage pathway. 


Salvage pathway is particularly imp. in certain issues such as erythrocytes & 
brain where the synthesis of purine nucleotides is not operative. 
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DEGRADATION OF PURINE NUCLEOTIDES 


¢ The end product of purine metabolism in humans is uric acid. 


AMP АМР deaminase IMP GMP 
H,O H,O NH, но H,O 
) Nucleotidase )|Nucleotidase Nucleotidase 
Pi Pi Pi 
Adenosine Inosine Gluanosine 


Ribose I- | Purine nucleoside 


Phosphate] Phosphorylase Pi 
Hypoxanthine ' AN Purine nucleoside 
Н,О+О, \ | Xanthine Phosphate | Phosphorylase 
H:O, Oxidase 


Guanase 


Xanthine 


NH, H,O 
RD Xanthine 
H,O, Oxidase 


Uric Acid 


+ The nucleotide monophosphate (AMP,IMP,GMP) are converted to 
their respective nucleoside formed by the action of Nucleotidase. 

* Amino group , either from AMP or adenosine, can be removed to 
produce IMP or inosine, respectively. 

* Inosine & Guanosine are respectively, converted to hypoxanthine & 
guanine by purine nucleoside phosphorylase. Adenosine is not 
degraded by this enzyme, Hence it has to be converted to inosine. 

+ Guanine undergoes deamination by guanase to form xanthine. 

+ Xanthine oxidase is an imp. enzyme that converts hypoxanthine to 
xanthine & xanthine to uric acid. 

¢ Uric acid is the final excretory product of Purine metabolism in 
humans. 
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¢ Gout is a metabolic disease associated with overproduction of uric 


acid. 
Glycogen Glucose Glucose 
6-phosphate п 
6-phosphate _____,‚ Glucose 
Glucose 
a w 
iid ums NADPH 
reductase +H 
G-S-S-G~ 


Ribose 5-phophate 


PRRP synthetase T 


PRRP Glutamine 


PRRP Glutamyl- 
amidotransferase 


5- Phosphoribosylamine 


Hypoxanthine HGPRTY Inosine monophosphate 


Guanine  HGPRT 5 >“ Ан? «——— Adenine 


D ү 
Xanthine Oxidase 


Xanthine 
Allopurinol Xanthine Oxidase 
inhibits | | 
Uric Acid 
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QNO 


(a) Primary gout:- Inborn error of metabolism due to overproduction of 
uric acid. 

Following enzyme associated with primary gout are :- 

(I) PRPP synthetase:- leads to increased production of purines. 

(ii) PRPP glutamylamidotransferase:- lack of feedback control of this 
enzyme by purine nucleotides also leads to their elevated synthesis. 

(iii) HGPRT deficiency:- This is an enzyme of purine salvage pathway, & 
its defect causes Lesch - Nyhan syndrome. 

(iv) Glucose 6-phosphatase deficiency:- In type I glycogen storage 
disease. Glucose 6-phosphate cannot be converted to glucose due to 
deficiency of glucose of -6 phosphate. This lead to increased 
utilization of glucose 6-Phosphate by hexose monophosphate shunt. 
resulting in elevated level of ribose 5-phosphate & PRPP & ultimately 
purine production. 

(v) Elevation of glutathione reductase: - Increased glutathion reductase 
generates more NADP which is utilized by HMP shunt. This causes 
increased ribose 5-phosphate & PRPP synthesis. 

(b) Secondary gout:- Sec. Hyperuricemia is due to various diseases 
causing increased synthesis or decreased excretion of uric acid. 
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LESCH - NYHAN SYNDROME 


¢ Disorder is due to deficiency of hypoxanthine - guanine 
phosphoribosyltransferase an enzyme of purine salvage pathway. 

+ Sex-linked metabolic disorder since the structural gene for HGPRT 
is located on x-chromosome. 

+ It affects only the males & is characterized by excessive uric acid 
production. 


Neurological abnormalities such as: - 

8 Mental retardation 

8 Aggressive behavior. 

8 Learning disability etc. 
The pt. of this disorder have an irresistible urge to bite their 
fingers & lips, often causing self mutilation. 

+ HGPRT deficiency Results Accumulation of PRPP & { es in GMP & 
IMP, leading to Теа synthesis & degradation of purines. 
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SYNTHESIS OF PYRIMIDINE NUCLEOTIDE 


¢ Glutamine & Co, contribute to atoms in formation of pyrimidine ring. 


Co, + Glutamine 


2ATP + Н.О ) Carbonyl Phosphate 
2ADP + Pi synthetase II 


Carbonyl Phosphate 


Aspartate Aspartate 
Pi transcarbamoylase 


Carbonyl Aspartate 
н,о “ |Dihydroorotase 


Dihydro-artate 
NAD’ . | Dihydro-artate 
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Q 
STRUCTURE OF HEMOGLOBIN. (HB) 


+ Hb is the red blood pigment exclusively found in erythrocytes. 

+ Hb is conjugated protein, containing globin-the apoprotein part & the 
heme - the non - protein part. 

+ Hb is tetrameric allosteric protein. 


Strutcture of globin:- Globin consists of four polypeptide chains of two 

different primary structures. 

+ The common form of adult Hb (HbA1) is made up of two a-chains & 
two р-сһаіп (a,p.). 

+ Each a-chains contain 141 amino acids while B-chains contain 146 
amino acids. 

+ Thus HbA, has total 574 amino acid residues. 

¢ Four subunits held together by non- covalent interactions primarily 
hydrophobic, ionic & hydrogen bond. 

+ Each subunit contains a heme group. 


Structure of heme:- characteristic red colour of Hb is due to heme. 

* Heme contain a porphyrin molecule namely protoporphyrin IX with 
iron at its center. 

+ Protoporphyrin IX consists of four pyrrole rings to which four 
methyl, two propionyl & two vinyl groups are attached. 

€ The iron atom is in ferrous (Fe^) state in the heme of functional 
hemoglobin. 

+ It can form six coordinated bonds. 

* Iron is held is at the centre of the heme by the four nitrogens of 
porphyrin ring. 
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SICKLE - CELL ANEMIA 


+ Sickle - cell anemia (HbS) is the most common form of abnormal 
hemoglobins. 
+ It is so named because the RBC of these pt adopt a sickle shape. 


Molecular basis of HbS:- Hb molecule have all four chain (2a & 2p) but 1 
amino acid (out of 146) glutamic acid is replaced by valine at 6" 
position. Hence it is a qualitative defect of hemoglobin. 

Homozygous & Heterozygous HbS: - 

Sickle cell anemia is said to be homozygous, if caused by inheritance 
of two mutant genes. That code for D-chains. In case of heterozygous 
HbS, only one gene is affected while the other is normal. 


-—-CTC-— —CAC— DNA 
—GAG — —6UG-— . RNA(codon) 
ANNANS HN S | | 
| A^^^^HN — CH — СО ^^^^ Amino acid 
CH, | 
| CH 
T H p b 
СОО 3 з 
AWWA Glu. МММ Val. AWW p-Chain 
Hemoglobin A Hemoglobin g 6" position 


Abnormalities associated with HbS:- 
+ Life-long hemolytic anemia. 
* Tissue damage & pain. 
¢ Increased susceptibility to infection. 
+ Premature death. 
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THALASSEMIA 


¢ Thalassemia are a group of hereditary hemolytic disorders 


characterized by impairment /imbalance in the synthesis of globin 
chains of Hb. 


Molecular basis of thalassoemia: - 

+ Hb contain 2a & 2B globin chains. The synthesis of individual chains 
is so coordinated that each x-chains has a B-chains partner & they 
combine to finally give Hb а,р,. 

* Thalassemia characterized by a defect in the production of a or 
B-globin chain. 

(I) a- thalassemia:- It caused by absence of a-chain & it is again 4 type 

(a) Hb bart's hydrops foletalis:- In which both 2a chain (4a genes) 
are absent reading to severe anaemia & hypoxia hence dead in uterus 
or in their infant age. 

(b) HBH disease :-Here only 1 a-chain is absent (3a gene). Hence 
suffering from compersates haemolytic anaemia. 

(c) a- Thalassemia trait :- Here 1a -chains (2a gene) is absent & 
characterized by asymptomatic stage. 

(d) a- Thalassemia carrier:- Here 1-chain (1a gene) is absent, 


characterized by their is no suffering, Pt. Will only passes this 
abnormality. in their offspring. 
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(ii) B- Thalassemia :- It is caused by absence of В - chain which is again of 
3 types- 

(a) Mediteranean or cooley's anemia or Thalassemia major :- 
In this type all 28 chains are assent & characterized by sever 
congenital haemolytic anemia. 

(b) Thalassemia minor :- Here 2В-сһаіпѕ are absent but not in all 
RNCs- Hence shows moderate degree of Haemolytic anemia does 
not require regular transfusion. 

(c) B- Thalassemia minor or trait :- It a mild from of В-Тћаіаѕѕетіа 
caused by suppression of only 1 B-chain characterized by 
asymptomatic stage. 
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BIOSYNTHESIS OF HEME 


* Heme is the most imp. porphyrin containing compound . 
¢ It is primarily synthesized in the liver & the RBC producing cells of 


bone marrow. 
Succinyl CoA + Glycine. 


ӧ- Aminolevulinate synthase 
CoAH pyridoxal phosphate 
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PROPHYRIA 


+ Prophyria are the metabolic disorders of heme synthesis, 
Characterized by the increased excretion of prophyrins or prophyrin 
precursors. 

Broadly classified into two categories- 
Erythropoietic - Enzyme deficiency occurs in erythrocytes. 

* Hepatic - Enzyme defect lies in liver. 

¢ All know prophyrias are interited as autosomal dominant disorder. 
Different types of prophyrias are described hereunder- 

(i) Acute intermittent prophyrias :- This disorder occurs due to 
deficiency of the enzyme uroporphyrinogen I syntheses. 

* Characterised by increased excretion of porphobilinogen & S-aminole 
vulinate. 

+ The urine gets darkened on exposure to air due to conversion of 
porphobilinogen to porphobilin & porphyrin. 

+ Symptoms include - abdominal pain, vomiting & cardiovascular 
abrormalities. 

* Neuropsychiatric disturbance. 

These Pt. are not photosensitive. 

(ii) Congenital erythropoietic prophyria:- This disorder is due to 

defect in enzyme uroporpyrinogen III cosynthase. 

+ Ії is rare congenital disorder caused by autosomal recessive mode 
of inneritance. 

+ Pt. are photosensitive (itching & burning of skin when exposed to 
visible light. 
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(iii) Porphyria cutanca tarda :- Also known as cutaneous hepatic 
porphyria. & it is most common porphyria. usually associated with 
liver damage caused by alcohol consumption or iron overload. 

(iv) Hereditary coprophyria :- This disorder is due to a defect in enzyme. 

Corporphyrinogen oxides. 

+ As a results of this, coproporphyrinogen ІІІ & other intermediates 
of heme synthesis prior to the block are excreted in urine & feces. 

(v) variegate porphyria :- The enzyme ргоїоро phyria -gen 
oxidase is defective in this disorder. 

+ Due to blockage protoporphyrin IX required for the ultimate 
synthesis of heme is not produced. 

¢ Almost all intermediates of heme synthesis accumulate in body & 
are heme synthesis accumutate in body & are excreted in urine & 
feces. 

(vi) Protoporphyria :- This disorder also Known as erythropoietic 
protophyria caused by deficiency of enzyme femo chelatase. 

+ Protoporphyria IX accumulates in tissues & is excreted into urine & 
faces. 
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DEGRADATION OF HEME ТО BILE PIGMENTS 


* RBC have a life span of 120 days at the end of this period they 
removed from the circulation. 

+ RBS are taken up å degraded by the macrophages of the RE system 
in the spleen & liver. 

+ Hb is cleaved to the protein part globin & non-protein heme. 

* About 6gm% of Hb/day is broken down & resynthesized in adult man. 


Haemoglobin 


Globin — Polypeptide 


Heme 


NADPH + H' Heme Oxygenase 
NADP" 


Billuverdin 


Bilirubin 
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LIVER 
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9 2UDP transferase 
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Fate of globin :- Globin may be neutralized as such for the formation of 
Hb degraded to the individual amino acids. 
¢ Latter undergo their own metabolism, including participation in fresh 
globin synthesis. 

Sources of heme :- Estimated that about 80% of the heme that is 
subjected for degradation comes from erythrocytes & rest 20% common 
from mature RBC., myoglobin & cytochromes. 
Heme oxygenase :- Complex microbial enzyme namely heme oxygenase 
utilizes NADPH & Co, & cleaves the methenyl bridges between 2 pymole to 
from biliverdin. 
Biliverdin reductase :- Biliverdin s methenyl bridges are reduced to 
methylene group to from bilirubin. This reaction is catalysed by an NADPH 
dependent soluble enzyme,bilirubin reductase. 
Transport of bilirubin to liver:- Biliverdin is transports in plasma in a bound. 
Albumin has two blinding sites for bilirubin -a high affinity bilirubin site & low 
affinity site. 
Conjugation of bilirubin :- In liver bilirubin is conjugated with two 
molecules of glucronate supplied by UDP - glucuronate. This reaction ctalysed 
by bilirubin glucuronyltransferase. results information of water soluble 
bilirubin diglucuroride. 
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It is the disturb metabolism of bilirubin pigment characterised by ecterus. 


Normal bilirubin metabolism :- 
Distruction of old & diseased RBC 


Digestion of Hb 
Formation of unconjugated bilirubin from heme. 


| 


Transportation of uncojugated bilirubin from 
spleen to liver in blood in from of unconjugated 
bilirubin - albumin complex. 


Hepatic uptake of uncojugated bilirubin. 


| 


Conjugation of bilirubin with gluta-thione 
-s-transfers & glucoronosyl transferase. 


| 


Excretion of conjugated bilirubin into bile via 
billiary apparatus up to the intestine. 
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intestinal bacteria act upon conjugated bilirubin 


80% sterocobilinogen absorb into blood & 20% excreted out in stool. 


Excretion in stool Excretion in urine 
in form of stercobilin in form of urobilin 
Golden yellow Golden yellow 
colour of stool Colour of urine. 


¢ Classification of Jaundice: - 
3 types of Jaundice on the basis of cause. 
(i)Pre-hepatic or Haemolytic jaundice: - 
Excessive destruction of RBC resulting into increase metabolism of 
bilirubin with increase in b/w conjugated in urine & normal ratio in b/w 
conjugated & unconjugated bilirubin. 
+ This type of jaundice is always associated with anemia. 
(ii )Hepatic jaundice or Hepatocellular jaundice: - 
Caused by dysfunction of liver due to damage to parenchymal cells. 
+ May be due to viral hepatitis, poision & toxins. 
(iii) Obstructive jaundice: - 
Due to an obstruction in bile duct that prevent the passage of bile into 
intestine. 
¢ May be due to gall stone, tumors etc. 
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«Тота! content of iron in an adult body is 3-5mg. 
* About 70% of this occurs in the RBC of blood as a constituent of 
Hb. 
+ At least 5% of body iron is present in myoglobin of muscle. 
Biochemical function: - 
* Iron mainly exerts its functions though the compound in which it is 
present. 
+ Hb & myoglobin are required for the transport of O,& Co, 
¢ Cytochromes & certain non-hene proteins are necessary for 
electron transport chain. & oxidative phosphorylation. 
¢ Peroxidase, lysosomal enzyme is required for phagocytosis & killing 
of bacteria by neutrophils. 
+ Iron is associated with effective immuno - competence of this 
body. 


Dietary requirements: - 
Adult man - 10 mg/day. 


Mensurating Woman - 18 mg/day. 
Pregnant & lactating woman - 40 mg/day. 


Sources: - 

Rich sources- organ meat (liver, heart, kidney). 

Good sources- leafy veges, pulses, cereals, fish, apples, dried fruits, 
molasses, jaggery. 

Poor source- milk, wheat, polished rice. 
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Absorption, Transport & starage:- 

* Iron is mainly absorbed in the stomach & duodenum & upper 
jejunum. 

* In normal people, about 40% of dietary iron is usually absorbed. 

* However, in iron deficient individuals & growing children, a much 
higher proportion of dietary iron is absorbed to meet the fed body 
demands. 

¢ Iron is mostly found in foods in ferric from, bound to protein 
organic acids. 

+ In acidic medium provided by gastric HCL, the Fe” is released from 
foods. 

* Reducing substances such as ascorbic acid & cysteine convert ferric 
ion (Fe.") to ferrous form (Fe). 

¢ Iron in ferrous form is soluble & readily absorbed. 


Lumen of GIT | Mucosal cells Plasma Tissues 
of GIT Apotransferrin 
Food Fe Appoferritin Transferrin) — c... .; 
Ei "VD. erritin 
dr Ferritin — v (Ре) Hemosiderin 
organic (Fe?) Hi 
acids o Я 
3 Fe 
me) 
Fe” Fe“ > ~ | Bone marrow 
а Ceruloplasmin (Hb) 
Ascorbic acid 9 ; 
Е Та of ferroxidase 
cysteine Fe I Muscle (Nb) 
Other tissues 
Fe" —— — —r* Fe" Fe* (Cyst & NHI) 
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BIOCHEMISTRY 
CALCIUM 


+ Most abundant among the minerals in the body. 
+ As much as 99% of it is present in bones & teeth 


Biochemical functions: - 


1. Development of bones & teeth: - 
Ca^ along with phosphate is required for the formation of physical 


strength of skeletal tissue. 
* Bones is mineralised connective tissue. 
¢ Bones which are in a dynamic state serve as reservoir of Ca. 
2 .Muscle contraction: - 
Ca^ interacts with troponin to tigger muscle contraction. 
* Ca^ also activates ATPase, the interaction b/w actin & myosin. 
3.Blood coagulation: - 
Several reactions is cascade of blood clotting process dependent for Ca”. 
4.Nerve transmission: - 
Ca^ is necessary for the transmission of nerve impulse. 
5.Membrane integrity & permeobility: - 
Ca^ influences the membrane structure & transport of Н,о & several 
ions across it. 
6.Activation of enzymes:- 
Ca^ is needed for the direct activation of enzymes such as lipase, ATPase & 
succinate dehyrogenase. 
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7.Calcium as intracellular messenger: - 

Ca^ is regarded as second messenger for such hormonal action. 

Eg:- epinephrine in liver glycogenolysis. 
+ Ca” serves as a third messenger for some hormone. 

Eg:- Antidiuretic hormone (ADH) act through CAMP & then. 

8.Release of hormones: - 

The release of certain hormones from the endocrine glands is faciliated by 

Ca”. 

9.Secretory processes: - 

Ca^ regulates microfilament & microtubule mediated processes such as 

endocytosis exocytosis & cell motility. 

10.Contact inhibition: - 

Ca^ is believed to be involved in cell contact & adhesion of cells in a tissue 
+ The cell to cell communication may also require Ca”. 

11.Action of heart :- 

Ca^ act on myocardium & prolong systole. 
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MAGNESIUM 


+ Adult body contains about 20mg magnesium, 40% of which is found in 
bones in combination with Ca” & P remaining 30% occurs in the soft 
tissue & body fluids. 


Biochemical Functions: - 
* Magnesium is required for the formation of bones & teeth. 
+ Mg” serves as a cofactor for several enzymes requiring ATP 
Eg: - hexokinase, glucokinase phosphofructokinase, adenylate cyclase. 
* Mg” is necessary for proper neuromuscular function Low Mg” level 
to neuromuscular irritability. 


Dietary Dequiements: - 
Adult man - 350 mg/day 


Adult woman - 300 mg/day. 


Sources: - 
Cereals, nuts, beans, veges, meat, milk, fruits. 


Diseases states: - 
Deficiency causes —» Neuromuscular irritability. 
¢ Weakness 
+ Convulsion 
Low levels of Mg may be observed in uremia, Rickets & abnormal 
pregnancy. 
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SELENIUM 


+ Selenium was originally as an element that causes toxicity to 
animals in some parts of USA, containing large amount of se in the 
soil. 

Biochemical functions: - 

+ Se, along with Vit. E prevent the development of hepatic necrosis & 
muscular dystrophy. 

+ Se is involved in maintaining structural integrity of biological 
membranes. 

+ Se as selenocysteine is an essential component of the enzyme 
protects the cells against the damage caused by H,O.. 

¢ Se prevents lipid peroxidation & protects the cells against the free 
radicals including superoxide. 

+ Se protect animals from carcinogenic chemicals. Se blinds with 
certain heavy metals (Hg, cd) & protects the body from their toxic 
effect. 


Dietary Requirement:- 
Adults —» 50-200 mg/day. 


Sources: - 
Sea foods. 


Disease state:- 
Muscular dystrophy, pancreatitis 
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+The total content of zinc in an adult body is about 2mg. 
+ Zinc is mainly an intracellular element. 
Biochemical functions: - 
¢ Zinc is an essential component of several enzymes 
eg. carbonic anhydrase, alcohol dehyrogenase, alkaline phosphatase, 
carboxy pepetidase, superoxide dimutase 
* Zn may be regarded as an antioxidant since the enzyme superoxide 
dimutase protect the body against free radical damage. 
+ The storage & secretion of insulin from the p cells of pancreas 
require Zn. 
* Zn is necessary to maintain the normal level of vit. A in serum. 
* It is required for wound healing. 
+ Gustin, а zinc containing protein of the saliva is imp. for taste 
sensation. 
* Zn is imp. for proper reproduction. 
Dietary requirement: - 
Adult - 10-15 mg/day. It is increased in pregnancy & lactation. 
Sources:- Meat, fish, eggs, milk, beans, nuts, 
Absorption: - 
+ Zn is absorbed mainly in duodenum. 
+ Zn from the animal sources is better absorbed then the vegetable 
sources. 
* Zn absorption appears to the dependent on a transport protein - 
metallothionein. 
+ phytate, Ca^ Са” & Fe interfer while small peptides & amino acids 
promore Zn absorption. 
Disease state:- Deficiency associated with growth retardation, poor wound 
healing, anemia, loss of appettite, loss of taste sensation etc. 
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PHOSPHORUS 


¢ Adult body contain about 1kg phosphate & it is found in every cell 
of the body. 
* Most of it occur in combination with Ca^ in bones & teeth. 


Biochemical function: - 
¢ Phosphorus is essential for the development of bones & teeth. 
* It plays a central role for formation & utilization of high - energy 
phosphate compounds. 
eg:- ATP, GTP, creatine phosphate etc. 
* It is required for the formation of phospolipids, phosphoproteins & 
nucleic acids (DNA & RNA). 
¢ Essential component of several nucleotide coenzymes 
eg.:- NAD’, NADP’, pyridoxal phosphote, ADP, AMP. 
¢ Several protein & enzymes are activated by phosphorylation. 
+ Phosphate buffer system is important for the maintenance of pH in 
blood as well as in the cells. 


Dietary requirements: - 
Adults - 800 mg/day. 


Sources: - 
Milk, cereals, leafy veges, meat, eggs. 


Disease states: - 
P level increased in Hypoparathyrosdism Jedin Hyperparathyroidism. 
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+ Vitamins may be regarded as organic compounds required in the 
diet small amounts to perform specific biological functions for 
normal maintenance of optimum growth & health of the organism. 


Classification of vitamins: - 


Vitamins 
Fat soluble Water soluble 
Vit. A 
Vit. D 
Vit. K Non B-complex B-complex 
Vit. E 
Vit. C 
Energy releasing Hematopoitic 
Thiamine(B1) Folic acid 
Riboflavin(B2) Vit. B12 
Niacin(B3) 
Pyridoxine(B4) 
Biotin(B5) 


Pantothenic acid(B6) 
(1) Fat Soluble Vitamin: - 
(a) vit A :- Fat soluble vit. present only in foods of animal origin. 
Chemistry:- The term retinoids is form of vit.A. 
* Retinol (vit. A alcotol) 
* Retinal (vit.A aldehyde) 
* Retinoic acid (vit. A acid) 
* B carotene (provitamin A). 
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Vit.A absorption & transport 
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Recommended dietary allowance (RDA): - 
Requirement of vit. A for adults - 600 ulg day. 
Requirement increases in pregnant women,& lactating mothers. 


Dietary sources: - 
* Best sources are liver, kidney, egg, milk, cheese, butter, fish 


(cod or shark) liver oils. 

* Vegetable sources contain the provitamin A-carotenes yellow & fruits 
are good source of carotenes eg. carrots, spinach, pumpkins, mango, 
papaya etc. 


Vit.A deficiency: - 
* Night blindness. 


+ xerophthalmia. 


Hypervitaminosis A: - 
Excessive conspumption of vit.A leads to toxicity. 


symptoms in. 

+ Dermatitis 

¢ Enlargement of liver 

¢ Skeletal decalcification 
¢ Loss of weight 

* Loss of hair 

* Joint pain. 
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¢ Vit D is a fat soluble vit. (however now considered as a hormone) 
* It resembles steroid in structure & function like a hormone. 
Chemistry: - 
+ Erogocalciferol (vit.D,) is formed from ergosterol & is present in 
plant. 
+ Cholecalcialciferol (vit.D,) is found in animals. 
Recommended dietary allowance (RDA): - 
Dietary requirement of vit.D is 400 International units or 10 mg of 
cholecalciferol. 
Dietary Sources:- 
¢ Fatty fish, fish liver oils 
¢ Exposure of skin to sunlight for synthesis of vit.D 
Deficiency: - S Rickets in childrens. S Osteomolacia in adult. 
Rickets characterized by: - 
* Bone deformities due incomplete mineralization resulting into soft & 
pliable bones & delay in teeth formation. 
Osteomalacia characterized by: - 
Demineralization of bones occurs (bones becomes softer) increasing their 
susceptibility to fractures. 
Diagnosis of Vit.D deficiency:- Estimation of plasma levels of 2,5 - 
hydroxycholeocalciferol.(Reference range 30-40 mg/ml). 
Hypervitaminosis D: - 
+ Demineralization of bone & increased Ca” absorption from intestine 
leading to elevated ca” in plasma. 
+ Prolonged hypercalcemia is associated with deposition of ca^ in many 
soft tissues kindney & arteries. 
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Metabolism & Absorption: - 
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VITAMIN-C 


¢ Vit. C isa water soluble versatile vitamin. 

* It plays imp. role in human health & disease. 

Chemistry:- 

+ Ascorbic acid is a hexose derivative & closely resembles 
monosaccharides in structure. 

* Acidic property of Vit. C is due to enolic hydroxyl groups. 


Recommended dietary allowance (RDA): - 


In adult - 40-50 mg./day. Recommended for women during 
pregnancy & lactation. 

Dietary Sources: - 
Citrus fruits, Amla, Guava, Green vegetables (cabbage, spinach), 
tomatoes, potatoes. 

Deficiency symptoms: - 
Scurvy - characterized by - Spongy & sore gums, loose teeth, 
anemia, swallen joints, fragile Bvs., delayed wound healing, 
Haemorrage, Osteoporosis etc. 


Biochemical function of Vit. C:- 

1. Collagen formation: - Vit. C plays the role of a coenzyme in 
hydroxylation of proline & lysine. while protocollagen is converted to 
collagen. Hydroxylation reaction is catalysed by lysyl hydroxylase & 
propyl hydroxylase. 

2. Bone formation:- Bone tissues possess on organic matrix, collagen 
& the inorganic calcium, phosphate etc. Vc is required for bone 
formation. 
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3. Iron & Hb metabolism:- Vc enhances iron absorption by keeping it in the 
ferrous form. This is due to the reducing property of Vc. 


4. Tryptophan metabolism:- Vc is essential for hydroxylation of trytophan 
(enzyme - hydroxylase) to hydroxytryptophan in synthesis of 
serotonin. 


5.Tyrosine metabolism:- Vc is required for oxidation of p -phydroxyph- 
-enylpyruvate to homogentisic acid in tryrosin metabolism. Futher 
Vc is also needed by dopamine B-hydroxylase, involved in the 
synthesis of catecholamines. 


6. Folic acid metabolism:- Active form of vitamin folic acid is needed for 
tetrahydrofolate (Fh4). Vc needed for formation of Fh4. 


7. Synthesis of carticosteroid hormones:- Adrenal gland possess high 
levels of Vc, particularly in periods of stress. 
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VITAMIN -E 


¢ Vit. E (tocopherol) is a naturally occuring antioxidant. 
¢ Essential for normal reproduction in many animal hence known as 
Anti-sterility vitamin. 

Chemistry: - 

¢ Vit. E is the name given to a group of tocopherols & tocotrienols. 

+ About tocopherols have been identified A,B Y D. 

¢ Among these, A- tocopherol is most active. 
Recommended dietary allowance (RDA):- Daily consumption of about 10 mg. 

(151U) for man 8 mg.(121U) for women. 

+ Vit. E supplement diet is advised for pregnant & lactating women. 

Dietary Sources:- Vegetable oils are rich sources of Vit-E. wheat germ oil, 
cotton seed oil, peanut oil, corn oil & sunflower oil. 

Deficiency Symptoms: - 

* Deficiency associated with sterility. 

S Degenerative changes in muscle. 
§ Megaloblastic anaemia. 
Toxicity of Vit. E:- Among the fat soluble vit. (A,D,E,K) Vit. E is the least 
toxic. 

Biochemical Functions: - 

+ Vit. E are related to its antioxidant property. 

€ Vit. E is essential for the membrane structure & integrity of the cell, 

hence it is regarded as a membrane antioxidant. 
* It prevents peroxidation of polyunsaturated fatty acids in various 
tissues & membranes. 
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¢ Protect liver from being damaged by toxic compounds such as carbon 
tetrachloride. 

* Needed for optimal absorption of amino acids from the intestine. 

* Prevents oxidation of Vit. A & carotenes. 

* Required for cellular respiration through electron transport chain. 

* Increases synthesis of heme by enhancing the activity of enzymes 
8 - amino levulinic acid synthase & ALA dehydratase. 

* Required for proper storage of creatine in skelet muscle. 


VITAMIN K 


* Only fat soluble vitamin with a specific co enzyme function. 
* Required for production of blood clotting factors, essential for 
regulation. 
Chemistry: - Vit. K exists in different forms —» 
Vit. K1 (Phylloquinone):- Plant. 
Vit. K2 (Menaquinone): - Produced by intestinal bacteria also found in 
animals. 
Vit. K3 (Menadione):- Synthetic form. 
All Vit. (K1,K2,K3) are naphthoquinone derivatives. 
Recommended Dietary Allowance (РОА): - In adults —» 70-100 ug/day. 
Dietary Sources:- Cabbage, Cauliflower, Tomato, Alfa Alfa, Spinach, & other 
green vegetables, egg yolk, meat, liver, cheese & dietary products. 
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VITAMIN B1/THIAMINE 


* Thiamine (anti-beri-beri or antineuritic Vit.) is a water soluble. 
Chemisty:- Alcohol group of thiamine is esterifed with phosphate to form 
coenzyme, Thiamine pyrophosphate (TPP or cocarboxylase) 


Recommended dietary allowance (RDA):- For adult —> 1-1.5 mg/day. 
For Childrens —> 0.7 - 1.2 mg/day. Increases in pregnancy & 
lactation.(2mg/day). 

Dietary Sources:- Cereals, Pulses, Oil seeds, nuts & Yeast. 

Deficiency Symptoms: - Beri - Beri - characterised by - 

¢ loss of appetite. 

¢ Weakness. 

+ Constipation. 

* Nausea. 

+ Mental Depression. 

¢ Peripheral Neuropathy. 
¢ Irritability etc. 
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Glucose ——> Glucose 6-phosphate. 


Pyruvate Ribose 5 - phosphate 
TPP Pyruvate vi Transketolase 
с dehydrogenase 9-phojn aia 

ý doheptul ; 

Acetyl CoA Sedoheptulose TPP 

® 7 - phosphate 
Oxal CN 
теше Glyceraldehyde 
Citric acid 3- phosphate 
cycle 


a-ketoglutarate 
TPP/ a-ketoglutarate 
а dehydrogenase 
CoA Со, 
Biochemical Functions: - 

* Enzyme pyruvate dehydrogenase catalyses the irreversible 
conversion of pyruvate to Acetyl CoA. This reaction is dependent on 
TPP. 

¢ a - ketoglutrarate dehydrogenase is an enzyme of citric acid cycle. 
This enzyme comparable with pyruvate dehydrogenase & requires 
TPP. 

¢ Transketolase is dependent on TPP. This is an enzyme of hexose 
monophosphate shunt (HMP-shunt). 

* The branched chain a-keto acid dehydrogenase catalyses the 
oxidative decarboxylation of branched chain amino acids to 
respective keto acids. Enzyme also requires TPP. 

+ TPP plays an imp. role in the transmission of nerve impulse. 
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VITAMIN B12/COBALAMINE 


¢ Also known as anti - pernicious anemia Vit. 
* Unique vit. , synthesized by only micro-organism & not by animals & 
plants. 
Chemistry: - 
+ Cyanide (predominant) in cyanocabalamin (В.а). 
+ Hydroxyl in hydroxycobalmin (B,,b). 
+ Nitrite in nitro cobalamin (B,,c) 


There are 2 coenzyme forms of Vit.B12:- 


+ 5 - Deoxyadenosyl cobalamin, cyanide is replaced by 5’ 
deoxyadenosine forming an unusual carbon cobalt bond. 
¢ Methylcobalamin in which cyanide is replaced by methyl group. 


Recommended Dietary Allowance:- In adults —» 1-2 ug/day. 
In childrens —> 0.5 - 1.5 ug/day. 


During pregnancy —> 3yg/day. 
Dietary Sources: - Liver, kidney, milk, curd, egg, fish, pork & chicken. 


Deficiency Symptoms: - 
Pernicious anemia: - 


* Low Hb. 

+ low no. of RBC. 

¢ Vit B,, deficiency also associated with neural degeneration & 
demyelination of nervous system. 
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Absorption, transport & storage of Vit. В... 
GIT PLASMA TISSUES 


| Various 
Protei n other 
В, tissues 


Stomach 


Methyl В,, 


Deoxydenasyl 
B, 
(Storage form) 


Methyl В; 


Са“ dependent 
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NUTRITIONAL DISORDERS 


Kwashiorkor literally means sickness of the deposed child i.e. 
a disease the children gets which the baby is born. 
Occurance & Causes :- Kwashiorkor os predominantly found in children below 
1-5 yrs. of age. 
¢ It is primarily due to insufficient intake of proteins as the diet of a 
weaning child mainly consist of carbohydrates. 
Critical Symptoms: - 
+ Stunted growth 
* Odema. (particularly on legs & hands) 
¢ Diarrhoea 
+ Discoloration of hair & skin. 
* Anemia. 
+ Apathy & moon face. 
Biochemical Manifestations: - 
* Kwashiorkor is associated with a decreased plasma albumin 
concentration, fatty liver, deficiency of К+ due to diarrhoea. 
* Edema occurs due to lack of adequate plasma proteins to maintain 
water distribution between blood & tissues. 
Treatment: - 
¢ Ingestion of protein-rich food or the dietary combinations to provide 
about 3-4 gm of protein/kg. body wt/day will control kwashiorkor. 
* Treatment can be measured by measuring plasma albumin 
concentration, disappearence of odema & gain in body weight. 
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MARASMUS 
Marasmus: - 


+ Marasmus literally ' means to waste’. 

* It mainly occurs in children under 1 yr. age. 

+ Marasmus is predominantly due to deficiency of calories. 
* Usually observed in children the mother's breast milk. 


Symptoms: - 
* Growth retardation. 


+ Muscle wasting. 

* Anemia. 

* Weakness. 
Marasmic child does not show odema or decreased concentration of 
plasma albumin. This is a major difference to distinguish marasmus 
from kwashiorkor. 
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BALANCED DIET 


Defined as —> Diet which contain different types of food possessing the 
nutrients — carbohydrates, fats, proteins, Vit. & minerals — ina 
proportion to meet the requirement of the body. 

* The basic composition of balanced diet is highly variable as it differs 
from country to country, depending on the availibility of food. 

* Social & cultural habits, besides the economic status, age, sex & 
physical activity of the individual largely influence the intake of diet. 

¢ Indian balanced diet is composed of cereals, pulses, veges, roots & 
tubers, fruits, milk & milk products, fats & oils, sugar & ground nuts, 
Meat, fish & eggs & present in the non - vegetarian diets. 


Nutritional diet for an adult man 


Cereals 

Pulses 

Green leaf veg. 
Other veges 
Roots & Tubers 
Fruits 

Milk 

Fats & Oils 
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FUNCTIONS OF PROTEIN,CARBOHYDRATE,EFA & FIBERS 


Function of Proteins: - 

* Proteins are the fundamental basis of cell structure & its function. 

¢ All the enzymes, several harmones, immunoglobulins etc. are proteins. 

¢ Proteins are involved in maintenance of osmotic pressure clotting of 
blood, muscle contraction etc. 

¢ During starvation, proteins serve as the major suppliers of energy. 

+ It may be noted that the structural proteins themselves serve as 
‘strange proteins’ to meet the emergency energy needs of the body. 

+ This is in contrast to lipids & carbohydrates which have storage 
forms. 


Function of carbohydrates: - 


1. Major sources of energy:- Carbohydrates are the principal source of 
energy supplying 60-8076 of the caloric requirements of body. 


2. Protein sparing action:- Protein perform a specialized function of body 
building & growth. 


3. Absolute requirement by brain:- Brain & other parts of central nervous 
system are dependent on glucose for energy. Prolonged hypoglycemia 
may lead to irreversible brain damage. 


4. Synthesis of fat:- Excess consumption of carbohydrate lead to the 
formation of fat which is stored in the adipose tissue. 
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5. Snythesis of pentoses:- Pentoses are the constituents of several 
compounds in the body. 
Ex:- Nucleic Acid (DNA,RNA) coenzymes (NAD+, FAD). 
* These pentoses are produced in carbohydrate metabolism. 
6. Importance of non - digestible carbohydrates:- These are the 
carbohydrates not utilized by the body. Yet, they are imp. since they 
improve bowel motility, & improve glucose tolerance. 


Functions Of EFA:- 
¢ Essential fatty acids are the structural component of biological 
membranes. 
¢ Participate in transport & utilization of cholestrol. 
+ Prevent fat accumulation in liver. 
* Required for synthesis of postaglandins. 
* Maintain proper growth & reproduction of organism. 
Functions of Fibers: - 
¢ Fiber can absorb 10-15 times its own weight of water, by drawing 
fluid into the lumen of the intestine. 
¢ Also absorb toxic compounds produced by intestinal bacteria & helps 
in their easier expulsion. 
* Low incidence of cancers of GIT in vegetarians compared to non-veg. 
is attributed to dietary fiber. 
¢ Fiber also improve glucose tolerance by the body. 
* Dietary fiber adds to the weight of the food stuff ingested. gives a 
sensation of stomach fullness. 
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DETOXIFICATION 


Detoxication or detoxification refers to the series of biochemical 
reactions occuring in the body to convert the foreign compounds to 
non-toxic or less toxic & more easily excretable forms. 


Mechanism of detoxification:- Divided into two phases. 

Phase I:- The reaction of phase I are —> oxidation, reduction & Hydrolysis. 

Oxidation:- A large no. of foreign substances are detoxified by oxidation. 
These include alcohols, aldehydes, amines, aromatic hydrocarbons & 
sulphur compound. 


Aliphatic & aromatic alcohols undergo oxidation to form 
corresponding acids. 


CH,OH ——À HCOOH 
Methanol Formic Acid 
CH;H,OH = CH,COOH 

Ethanol Acetic Acid 


Aldehydes 


Aldehydes are oxidized to produce the corresponding acids. 


C,H,CHO — C,H,;CHOOH 
Bezaldehyde Bezoic Acid 
C.CIl,CHO —À CCl,COOH 
Chloral Trichloroacetic Acid 
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Amines & their Deriatives 


Aliphatic amines are converted to the corresponding acids, liberating urea. 
While aromatic amino acids are oxidized to phenols. 


RCH,NH, —— R-COOH + NH,-CO-NH, 

Aliphatic Amine Aliphatic acid Urea 
CH,H4NH, ——3À HO-C,H,-NH, 
Aniline P-Amino Phenol 


Aromatic Hydrocarbons 


Benzene may be oxidized to mono, di - & trihydroxy phenol as shown below. 


OH OH OH OH 
OH OH 
е + + + 
OH OH 
Benzene Phenol Quinol Catechol Hydroxyquinol 


Sulfur Compounds 


Organic sulfur is oxidized to sulfuric acid. 


Meprobamate is a tranquilizer. It is oxidized to hydroxyquinol & exerted in 
urine. 
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Reduction:- A few examples of detoxification by reduction are given : 
C,H,OH(NO,), ——  CH,OH(RGD?BH, 


Picric Acid Picramic Acid 
CCl,.CH(OH), ——3À CCl,.CH,OH 
Chloral Trichloroethanol 


Hydrolysis:- The hydrolysis of the bonds such as ester, glycoside & amide is 
imp. in the metabolism of xenobiotics. 
* Several compounds undergo hydrolysis during the course of their 
detoxification. 


COOH но соон 
OCOCH, OH + | CH,OOH 


Aspirin 
(acetyl salicylic acid Acetic Acid 


salicylic acid) 


PHASE II:- These are the conjugation reactions, involving compounds such 
as glucuronic acid, amino acids, glutathione, sulphate, acetate & 
methyl group. 
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It is a process in which a foreign compound combines with a substance 
produced in the body. 
¢ The process of conjugation may occur either directly or after the 
phase I reactions. 
* These are glucuronic acid, glycine, cysteine, glutamine, methyl group, 
sulphate, acetic acid & thiosulphate. 


Glucuronic acid: - Conjugation with glucuronic acid is the most common. The 
active form of glucuronic acid is UDP-glucuronic acid produced in the 
uronic acid pathway. 


UDP-glucuronyl- XO 


X-OH +UDP — glucuronic acid — glucuronide + UDP 


transferase 
+ Glucuronic acid conjugation may occur with compounds containing 
hydroxyl, carbonyl, sulphydryl or amino groups. 


OH O-Glucuronic acid 
UDP 
+ glucuronic —————— + UDP 
acid 
Phenol Phenyl 
Glucuronide 
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Glycine: - Many aromatic carboxylic acids are conjugated with glycine. 
Hippuric acid is formed when glycine is conjugated with benzyl CoA. 


COS-COA CO-NH,-CH,-COOH 
+ H,N-CH,-COOH /——» 4 + CoASH 
Benzoyl COA Glycine Hippuric Acid 


Glutathione:- The tripeptide gluctathione is the active conjugating agent. 
A wide range of organic compounds such as alkyl or aryl halides, 
alkenes, nitro compounds & epoxides get conjugated with cysteine of 
glutathione. 

R-X + GSH 
GSH Transferase 
R-SG 
ва] Y-Glutamyl transpeptiside 
Cysteinylgylcine 

Cystelnyl 

glycinase 

Е ROM 

NH, 


R-cystelne 
N-Acetyl tranferase 


усте] 


R-S-CH,-CH-COOH 


Mercopeptide acid 
NH-COCH, ES 
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ROLE OF CYTOCHROME P, 


+ Most of the oxidation reaction of detoxification are catalysed by 
monooxygenase or cytochrome Paso. 

* This enzyme, also called mixed function oxidase is associated with 
the addition of a hydroxyl group to aliphatic or aromatic compounds 
which may be represented as —> 


RH+0O,+NADPH э ROH+H,0 + NADP+ 
Silent features of Cytochrome P;5,:- 

+ Multiple forms of cytochrome P45, are believed to exist, ranging 
from 20 to 200. 

+ They all are hemoproteins, containing heme as the prosthetic group. 

+ Cytochrome Р.о species are found in the highest concentration in 
the microsomes of liver. In adrenal gland they occur in 
Mitrochondria. 

* The mechanism of action of cytochrome puso is complex & is 
dependent on NADPH. 

* The phospholipid-phosphatidylcholine is a constituent of cytochrome 
Paso System is necessary for action of this enzymes. 

+ Cytochrome Рао is an iducible enzyme. It synthesis is increased by 
the administration of drugs such as phenobarbitol. 
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FREE RADICALS 


A free radical is defined as —> A molecule or a molecular species that 
contains one or more unpaired electrons & is capable of independent 
existence. 


Types of free radicals: - 
O, (Molecular Oxygen) 


[^ 

О, (Superoxide) 
C,2H 

H,O, (Hydrogen Peroxide) 

H,O C Hu 

OH (Hydroxyl radical) 
CA 

H,O (Water) 


The common characteristic features of free radicals are listed. 
* Highly reactive. 
+ Very short half-life. 
+ Can generate new radicals by chain reaction. 
* Cause damage to biomolecules, cells & tissues. 
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Free radicals & diseases:- Free radicals have been implicated in the 
causation & progress of several diseases. 

Cardiovascular disease (CHD):- Oxidized low density lipoproteins (LDL), 
formed by the action of free radicals, promote atherosclerosis 
& CHD. 


Cancer: - Free radicals can damage DNA, & cause mutagenicity & cytotoxicity 
& thus play a key role in carcinogenesis. It is believed that ROS can 
include mutations, & inhibits DNA repair process, that results in the 
inactivation of certain tumor suppressor genes leading to cancer. 


Inflammatory Disease:- Rheumatoid arthritis is a chronic inflammatory 
disease. free radicals produced by neutrophils are the pre-dominant 
causative agents, the other inflammatory disorders — chronic 
glomerulonephritis, & ulcerative colitis is also due to damages caused 
by ROS ( Reactive Oxygen Species). 


Diabetes:- Destruction of islets of pancreas due to accumulation of free 
radicals is one of the cause for the pathogenesis of IDM. 


Cataract: - Increased exposure to oxidative stress contributes to contract 
formation, which is mostly related to ageing. 


Other diseases: - Free radical play a key role in Prakinson's, Alzheimer's, 
multiple sclerosis, liver cirrhosis, Muscular dystrophy, toxemia of 
pregnancy etc. 
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HARMFUL EFFECTS OF FREE RADICAL 


Harmful effects of free radicals:- Free radicals are highly reactive, & are 
capable of damaging almost all types of biomoleculs (protein, lipids, 
carbohydrates, nucleic acids). 


Proteins: - Free radicals cause oxidation of sulphydryl groups & modification 
of certain amino acids. 

Ex:- Methionine, Cysteine, Histidine, Tryptophan, Tyrosine. 
Ros may damage proteins by fragmentation, cross linking & 
aggregation. The net result is that free radicals may often result in 
the loss of biological activity of protein. 

Lipids: - Polyunsaturated fatty acids (PUFA) are highly susceptible to damage 
by free radicals. 


Carbohydrates:- At physiological pH, oxidation of monosaccharides 
(Eg:- glucose) can produce H,O, & oxyldehydes. It appears that the 
linkage of carbohydrates to proteins increases the susceptibility of 
protein to attack by free radicals. This significance in diabetes 
mellitus where protein glycation is associated with many health 
complications. Eg:- Diabetic microangiopathy, diabetic nephropathy. 


Nucleic acids:- Free radicals may cause DNA strand breaks, fragmentation 
of bases & deoxyribose. Such damages may be associated with 
cytotoxicity & mutations. 
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ANTIOXIDANTS 


Antioxidants in Biological System:- Biological antioxidant may be defined as 
A substance that significantly delays or inhibits oxidation of a 
substrate. 

+ Antioxidants may be considered as the scavengers of free radicals. 

Different ways of classifying antioxidants: - 


(A) Antioxidation a/c to their location: - 
(a) Plasma Antioxidants —» 
Ex:- B-carotene, ascorbic acid, bilirubin, uric acid, ceruloplasmin, 
transferrin. 
(b) Cell membrane antioxidant —> 
Ex:- a-tocopherol. 
(c) Intracellular antioxidant —> 
Ex:- Superoxide dimutase, catalase, glutathione peroxide. 


(B) Antioxidants a/c to their nature & action: - 

(a) Enzymatic Antioxidants —> 

Ex:- Superoxide dimutase, catalase, glutathione peroxide, glutathione 

reductase. 

(b) Non-enzymatic antioxidants —> 

¢ Nutrient antioxidants —> Ex:- carotenoids, a-tocopherol, ascorbic 
acid, selenium. 

¢ Metabolic antioxidants —> Ex:- Glutathione, Ceruloplasmin, 
albumin,billirubin, transferrin, ferritin, uric acid. 
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LIPID PEROXIDATION 


Free radical-induced peroxidation of membrane lipid occurs in three 
stages —> 
initiation, propagation & termination. 


Maondialehyde (MDA) as a marker for lipid peroxidation. 


* Most of the products of lipid peroxidation are unstable eg:- 
Carbonyls, esters, alkanes, alkenes, 2-alkenal, 2,4-alkadienal, MDA. 
of these malondialdehyde (-CHO-CH2-CHO-) is the most extensively 
studied, & is used as a biochemical marker for the assessment of 
lipid peroxidation. 


* MDA & other aldehydes react with thiobarbituric acid & produce red 
coloured products namely thiobarbituric acid reactive substances 
(TBARS) which can be measured colorimetrically. 


+ The estimation of serum MDA is often used to assess oxidative 
stress, & free radical damage to the body. 
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LIVER FUNCTION TEST 


Liver performs several diversified function. It is the central organ of 
body's metabolism. 


Tests to assess liver function:- The liver function tests are the 
biochemical investigation to assess the capacity of the liver to carry 
out any of functions it performs. 


Bilirubin is the excretory end product of heme degradation. 


Serum bilirubin: - The normal conc. of serum bilirubin is in the range of 0.2- 
1.0 mg/dl. 

Icterus index:- This is a simple test to measure the yellow colour of serum 
due to bilirubin. 

Van Den Bergh Reaction:- This is a specific reaction to identify the increase 
in serum bilirubin. Normal serum gives a negative van den berg 
reaction. 


Mechanism of the reaction: - 

Bilirubin in urine: - 
* The conjugated bilirubin, being water soluble is excerted in urine. 
+ This is in contrast to unconjugated bilirubin which is not excerted. 
+ Bilirubin in urine can be detected by fouchet's test or Gmelin's test. 
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Bromosulphthalein (BSP) test: - 
* Bromosulphthalein is a dye used to assess the excretory function of 
liver. 
+ BSP is administrated intravenously (5mg/kg body weight.) & its 
serum conc. is measured at 45 min. & at 2 hrs. 
* In normal individuals, less than 5% of the dye is retained at the end 
of 45 min. 


Serum enzymes derived form liver:- Liver cells contain several enzymes 
which may be released into the circulation in liver damage. 


Transaminases or Aminotransferases: - 

* The activities of two enzymes - namely serum glutamate pyruvate 
transaminase (SGPT, recently called as alanine transaminase ALT) & 
serum glutamate oxaloacetate transaminase (SGOT, recently known 
as aspartate transaminase -AST) - are widely used to assess the 
liver function. 

+ ALT is a cytoplasmic enzyme while AST is found in both cytoplasm & 
mitochondria. 

+ The activity of these enzymes is low in normal serum (ALT 5-25 w/l.) 
(AST 5-35 w/l) 

¢ Serum ALT & AST are increased in liver damage. 
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Alkaline Phosphatase: - 
¢ Alkaline phosphatase is mainly derived from bone & liver. 
¢ Arise in serum ALP, usually associated with elevated serum bilirubin 
is an indicator of biliary obstruction. 
¢ ALP is also elevated in cirrhosis of liver & hepatic tumors. 


Glutamyl transpeptidase: - 
+ Serum GGT is highly elevated (normal 10-15v/I) in biliary obstruction 


& alcoholism. 


5'-Nucleotidase:- The serum activity of 5'- nucleotidase (normal 2-15v/l) is 
elevated in hepatobiliary disease & this parallel ATP. 


Metabolic Capacity 


Galactose tolerance:- Galactose is a monosaccharide almost exclusively 
metabolized by the liver. 
+ The subject is given intravenous administration of galactose 
(about 300 mg/kg body weight). 
* Blood is drawn at 10 min. intervals for the next 2 hrs. & galactose 
estimated. 


JoharimbbsG gmail.com JOHARI MBBS | Youtube 


)mm—:7: 2;:"7 "m: 
BIOCHEMISTRY 


Synthetic Function 


Serum Albumin: - Albumin is solely synthesized in liver. 

* It has a half-life of about 20-25 days, therefore, it is good marker 
to assess chronic liver damage. 

* Low serum albumin is commonly observed in patients with sever liver 
damage. 

+ Functional impairment in liver is frequently associated with increased 
synthesis of globulins cirrhosis of liver causes a reversal of albumin 
/ globulin ratio (ALG ratio). 


Prothrombine time: - 
+ The liver synthesis all the factors concerned with blood clotting. 
¢ A decrease in the conc. of plasma clotting factors is found in the 
impairment of liver function. 


Hippuric Acid Synthesis: - 
¢ Measurment of hippuric acid synthesis is an ideal test for assessing 
the detoxification function of liver. 
* Hippuric acid is produced in liver when benzoic acid combines with 
glycine. 
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KIDNEY FUNCTION TEST 


The kidneys are the vital organs of the body, performing the following major 
functions. 


1. Maintenance of homeostasis: - The kidneys are largely responsible for the 
regulation of water, electrolyte & acid-base balance in the body. 


2. Excertion of metabolic waste products:- The end product of protein & 


nucleic acid metabolism are eliminated from the body. These include 
urea, creatinine, uric acid, sulphate & phosphate. 


3. Retention of substances vital to body:- The kidneys reabsorb & retain 


several substances of biochemical importance in the body eg: - 
glucose, amino acids etc. 


4. Hormonal Functions:- The kidneys also function as endocrine organs by 
producing hormones. 

Erythropoietin —» a peptide hormone, stimulates Hb. synthesis & formation 
of erythrocytes. 1,25 -Dihydroxycholoecalciferol the biochemically 
active form of Vitamin D - is finally produced in the kidney. It 
regulates calcium absorption from the gut. 

Renin:- A proteolytic enzyme liberated by kidney stimulates the formation of 
angiotensin ТТ which turn, leads to aldosterone production. 
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Tests to assess renal function:- It must, however be remembered that 
about two-thirds of the renal tissue must be functionally damaged 
to show abnormally by these tests. 


Glomerular function test:- 

Clearance test:- defined as —> vol. of plasma that would be completely cleared 
of a substance per unit. Clearance expressed as ml/min., can be 
calculated by using the formula. 


C = UxV 
P. 


where, 
U = Conc. of the substance in urine. 
V - Vol. of urine in ml excerted per min. 
P - Conc. of the substance in plasma. 


Care should be taken to express the conc. of plasma & urine in the 
same units. 


* Insulin is intravenously administered to measure GFR. 

* In practice, however, measurement of clearance for the substances 
already present in the blood is preferred. 

* The two compounds namely creatinine & urea are commonly employed 
for this purpose. 


JoharimbbsG gmail.com JOHARI MBBS | Youtube 


ВТОСНЕМТ5ТВУ Ө 


+ Creatinine clearance is marginally higher than the GFR as it is 
secreted by the tubules. 

* On the other hand, urea clearance is less than the GFR, since it is 
partially reabsorbed by the tubules. 


Creatinine clearance test:- Defined as —» The vol. (ml) of plasma that 
would be completely cleared of creatinine per min. 
In the traditional method, creatinine content of a 24 hr. urine 
collection & the plasma conc. in this period are estimated. The 
creatinine clearance (CC) can be calculated as follow:- 


C = UxV 
P. 


Where, 
U - Urine conc. of creatinine. 
V = Urine output in ml/min. 
P - Plasma conc. of creatinine. 


Urea Clearance test:- Urea is the end product of protein metabolism. After 
being filtered by the glomeruli, it is partially reabsorbed by the 
renal tubules. Hence, urea clearance is less than the GFR & further, 
it is influenced by the protein content of the diet. 
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Urea clearance is defined as the vol. (ml) of plasma that would be completely 
cleared of urea per min. It is calculated by the formula. 
Ст = UxV 
Р. 
Where, 
Cm = Max. urea clearance. 
U = Urea Conc. in urine. 
V = Urine excerted per min. in ml. 
Р = Urea conc. in plasma (mg/ml).] 


Tubular Function Test:- (Urine conc. test). This is a test to assess the 
renal tubular function measurement of specific gravity which 
depends on the conc. of solules in urine. several measures are 
employed to conc. urine & measure the specific gravity. These 
include overnight water deprivation & administration of antidiuretic 
hormone. If the specific gravity of urine is above 1.020 for at least 
one of the samples collected, the tubular function is considered to 
be removed. 

Analysis of blood: - 

+ Estimation of serum creatinine & blood urea are often used to assess 
the overall kidney function, although these test are less sensitive 
than the clearance test. serum creatinine is a better indicator than 
urea in this regard. 

* It is observed that the GFR must fall to about 50% of its normal 
value before a significant increase in serum creatinine occurs. 
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CARCINOGENIC VIRUSES 


¢ The involvement of viruses in the etiology of cancer was first 
reported by rong. in 1911. 

+ He demonstrated that the cell filtrates from certain chicken 
sarcomas new sarcomas in chickens. 

+ Unfortunately, this epoch - making discovery of Rous was ignored 
for several years. 

+ This is evidence form the fact that Rous was awarded the Nobel 
prize in 1966 at the age of 85 for his discovery in 1911. 

+ The presence of viral particles & the enzyme reverse transcriptase, 
besides the occurrence of base sequence in the DNA of malignant 
cells, complementary to tumor viruses indicate the involvement of 
viruses in cancer. 

+ The viruses involved in the development of cancer commonly known 
as oncogenic viruses may contain either DNA or RNA. 


Selected tumor viruses: - 


Members 


DNA Viruses Adenovirus 12 & 18 
Adeno Virus Epstein-Barr Virus, 
Herper Virus herpes simplex virus. 


Papo Virus Papilloma Virus, polyoma Virus 


RNA Viruses. 
Retrovirus type B. 
Retrovirus type C. 


Mammary tumor virus of maise 
Leukemia, sarcoma 
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ACTIVATION ОЕ PROTONCOGENES TO ONCOGENES 


There are several mechanisms for converting the protooncogenes to 
oncogenes, some of the imp. ones are described next. 


Viral insertion into chromosomes: - 

* When certain retroviruses infect cells, a complementary DNA 
(cDNA) is made from their RNA by the enzyme reverse 
transcriptase. 

+ The cDNA so produced gets inserted into the host genome. 

¢ The integrated double - stranded cDNA is refferred to as previous. 

+ This pro-viral DNA takes over the control of the transcription of 
cellular chromosomal DNA & transforms the cell. 

Chromosomal translocation: - 

+ Some of the tumors exhibit chromosomal abnormalities. 

¢ This is due to the rearrangement of genetic material by chromosomal 
translocation i.e. splitting off a small fragment of chromosome which 
is joined to another chromosome. 

+ Chromosomal translocation usually results in over expression of 
protooneogenes. 
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бепе amplification: - 
* Several fold amplification of certain DNA sequences are observed in 


some cancers. 
+ Administration of anti-cancer drugs methotraxate is associated with 
gene amplification. 


Point mutation: - 

+ The ras protoncogenes is the best example of activation by point 
mutation. 

* The mutated ras oncogene produces a protein which differs in 
structure by a single amino acid. 

¢ This alteration diminishes the activity of GTPase a key enzyme 
involved in the control of cell growth. 

* The presence of ras mutations is detected in several human tumors 
-90% of pancreatic, 50% of colon & 50% of lungs. 

* However ras mutations have not been detected in the breast cancer. 
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TUMOR MARKERS 


* The biochemical indicators employed to detect the presence of 
cancers are collectively refferred to as tumor markers. These are 
the abnormally produced molecules of tumor cells Such as surface 
antigens, cytoplasmic proteins, enzymes & hormones. 

* In theory the tumor markers must ideally be useful for screening 
the population to detect cancers. However, this has not been totally 
true. 

* Tumor markers support the diagnosis of cancers, besides being 
useful for monitoring the response to therapy & for the early 
detection of recurrence. 

Associated Cancers (s) 
Cancer of colon, stomach,lungs. 
Cancer of liver & germ cells 
Ovarian Cancer. 


Oncofetal antigens. 


Carcinoembryonic antigen 
(CEA) 

Alpha Fetoprotein (AFP) 
Cancer Antigen- 125(CA-125) 
Hormones 

Human Chroionic gonoadohrapin 


Choiocarcinoma. 

Carcinoma of medullary thyroid 
Pheochromocytoma & 
neuroblastoma. 


(HCG) 

calcitonin Prostate Cancer. 
Catecholamine & their Neuroblastoma 
metabolites 


Bone Secondaries. 
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Enzymes 

Prostatic acid phosphate 
Neuron Specific Enalase 
Alkaline Phosphatase 


Specific Proteins. 
Prostate Specific Antigen 


(PSA) Prostate Cancer. 
Immunoglobins Multiple Myeloma. 
Bence-Iones Proteins Multiple Myeloma. 


Characteristics of Growing tumor cells: - 


1. General & Morphological Changes: - 

(a) Shape of cell:- The tumor cells are much rounder in shape 
compared to normal cells. 

(b) Alterations in cell structures:- The cyto skeletal structure of 
the tumor cells with regard to actin filaments is different. 

(c) Loss of contact inhibition:- The normal cells are characterises by 
contact inhibition i.e.- they form monolayers & cannot move away 
from each other. The cancer cells from multi layers due to loss of 
contact inhibition. As a result, the cancer cells freely move & get 
deposited in any part of the body, a property referred to as 
metastasis. 
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(а) Loss of anchorage dependence:- The cancer cells can grow 
without attachment to the surface. 

(e) Alteration in permeability properties:- The tumor cells have 
altered permeability in cancer cells. 


2) Biochemical Changes: - 


(a) Increased replication & transcription:- The synthesis of DNA & 
RNA is increased in cancer cells. 

(b) Increased Glycolysis:- The fast growing tumor cells are 
characterised by elevation in aerobic & anaerobic glycolysis due to 
increased energy demands of multiplying cells. 

(c) Synthesis of fetal protein:- During fetal life, certain genes are 
active, leading to the synthesis of specific protein. Ex:- 
carcinoembryonic antigen, alfa feto protein. 

(d) Alterations in structure of molecules:- changes in the structure 
of glycoprotein & glycolipids are observed. 
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PLASMA MEMBRANE 


* The plasma membrane is an envelope surrounding the cell. 

¢ It separates & protects the cell from the external hostile 
environment. 

* Plasma membrane provides a connecting system between the cell & 
its environment. 


Chemical Composition:- The membranes are composed of lipids, proteins & 
carbohydrates. 


Structure of Membranes:- A lipid bilayer model originally proposed for 
membrane structure in 1935 by Davson & Danielle has been modified. 


Fluid Mossaic Model: - 

* Proposed by Singer & Nicolson is more recent & acceptable model for 
membrane structure. 

+ Membrane is essentially composed of a lipid bilayer. 

+ The hydrophobic regions of the lipid face each other at the core of 
the bilayer while the hydrophilic regions face outward. 

¢ Globular proteins are irregularly emebdded in the lipid bilayer. 

+ Membrane proteins are categorized into two groups —> 
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1. Extrinsic membrane proteins:- are loosely held to the surface of the 
membrane & they can be easily separated. 
Ex:- Cytochrome C of mitochondria. 


2. Intrinsic membrane proteins:- Are tightly bound to the lipid bilayer & 


they can be separated only by the use of detergents or organic 


solvents. 
Ex:- Hormone Receptors, Cytochrome Puso. 


* Lipid & protein subunits of the membrane give an appearance of 
mossaic or ceramic tile. 


¢ Unlike a fixed ceramic tile, the membrane freely changes, hence the 
structure of the membrane is considered as fluid mosaic. 
Glycoprotein Carbohydrate Glycolipid 


Globular Cholesterol 


protein 


Integral 
protein 
Alpha-helix Peripheral 

protein Channel protein Protein 
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DEHYDRATION 


+ Condition characterised by - water depletion in the body. 
+ It may be due to insufficient intake or excessive water loss or both. 


* Dehydration is generally classified into two types:- 
8 Due to loss of water alone. 
8 Due to deprivation of water & electrolytes. 


Causes of dehydration: - Dehydration may occur as a result of diarrhoea, 
vomiting, excessive sweating, fluid loss in burns. 


Characteristic features of Dehydration: - 
* Vol. of the extracellular fluid is decreased with a concomitant rise in 


electrolyte concentration & osmotic pressure. 

+ ADH secretion is increased. This causes increased water retention in 
the body & consequently urine vol. is very low. 

¢ Plasma protein & blood urea concentration are increased. 

+ Water depletion is often accompained by a loss of electrolytes from 
the body. 

¢ Water is drawn from the intracellular fluid that results in shrunken 
cells & disturbed metabolism. 

Ex:- Increased protein breakdown. 


Treatment:- The treatment of choice for dehydration is intake of plenty of 
water. 
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BIOLOGICAL OXIDATION 


Defined as —> loss of electrons & reduction as the gain of electrons. 


Oxidation 7 и (Acceptor Reduced) 


Fe* E 
Reduction Fe 


e- 


¢ Electron lost in the oxidation is accepted by an acceptor which is 
solid to be reduced. Thus the oxidation-reduction is tightly coupled 
process. 

+ The general principle of oxidation-reduction is applicable to biological 
system also the oxidation of NADH to NAD+ coupled with the 
reduction of FMN to FMNHe is illustrated. 


NADH + Н FMN 


NAD+ FMNH2 


* In above illustration, there are two redox pairs NADH/NAD* & 
FMN/FMNH2. 
+ The redox pairs differs in their tendency to lose or gain electrons. 
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BIOCHEMISTRY 


ELECTRON TRANSPORT CHAIN 


+ This energy rich carbohydrates (particularly glucose). Fatty acids & 
amino acids undergo a series of metabolic reactions & finally get 
oxidized to Co, & H,O. 

+ NAD’ & FAD to produce respectively, NADH & FADH.. 

* The latter two reduced coenzymes pass through the electron 
transport chain (FTC) or respiratory chain & finally reduced oxygen 
to water. 

* The passage of el- through ETS is associated with the loss of free 
energy. A part of this free energy is utilized to generate ATP from 
ADP & Pi. 

¢ It must be remembered that the life of higher animals is absolutely 
dependent on supply of O, & ETS & generation of ATP. 


Mitochondria - the power house of cell:- Mitochondria are the centres for 


metabolic oxidative reactions to generate reduced coenzymes 
(NADH & NADH,) which in turn, are utilized in ETS to liberate 
energy in the form of ATP. for this reason mitochondria is 
approximately regarded as the power house of the cell. 
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MITOCHONDRIAL ORGANIZATION 


¢ Mitochondria consists of five distinct parts. These are the outer 
membrane, the inner membrane, the inter membrane space, the 
cristae & the matrix. 


Inner Mitochondrial Membrane: - The el- transport chain & ATP synthesizing 
system are located on the inner mitochondrial membrane which is a 
specialized structure rich in protein. 

+ It is impermeable to ions (H', К & Na’) & small molecules (ADP,A TP). 

+ This membrane is highly folded to form cristae. 

* The surface area of inner mitochondrial membrane possesses 
specialized particles the phosphorylating subunits which are the 
centres for ATP production. 


Structural organization of respiratory chain: - 
* The inner mitochondrial membrane can be disrupted into five distinct 


respiratory or enzyme complexes, denoted as complex I,II,III,IV 
& V. 

+The complexes, I-IV are carriers of electrons while complex V is 
responsible for ATP synthesis. Besides these enzyme complexes, 
there are certain mobile electron carries in the respiratory chain. 
These include NADH co-enzyme Ce, cytochrome C & oxygen. 

* The enzyme complexes (I-IV) and the mobile carriers are collectively 
involved in the transport of electrons. 
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Inhibitors of electron transport сһаіп: – 

* NADH & Coenzyme a:- Fish poison ratenone, barbiturate drug amytal & 
antibiotic piercidin A inhibit this site. 

* Between cytochrome b & c1:- Antimycin A- an antibiotic, British 

antilewisite (BAL) - an antidote used against war-gas-are the two imp. 
inhibitors of the site between cytochrome b & C1. 

* Inhibitors of cytochrome oxidose:- Carbon monoxide, cyanide, hydrogen 
sulphide & azide effectively inhibit cytochrome oxidose. Carbon 
monoxide reacts with reduced form of the cytochrome while cyanide 
& azide react with oxidized form. 


Inter-membrane — Inter-mitochondrial 
space membrane 
Q— 2" — 


Matrix 
МК 


NaDH + H+ 


NaD+ 
Complex | 
(NADH dehydrogenase) 


a 
Complex III 
(Cytochrome bc1) 

Complex II 


(Succinate dehydrogenase) 
Succinate 


Fumarate 


202+2H+ 


Complex IV 
Cytochrome c oxidase) 
ADP + Pi 


Electrochemical = 
gradient 
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REPLICATION ОЕ DNA 


Replication is a process in which DNA copies itself to produce identical 
daughter molecules of DNA. 


Replication in Prokaryotes: - 
Replication is semi-conservative: - 
* The parent DNA has two strands complementary to each other. 
* Both the strands undergo simultaneous replication to produce two 
daughter molecules. 
* Each one of the newly synthesized DNA has one-half of the parental 
DNA & one-half of new DNA. 
¢ This type of replication is known as semiconservative since half of 
the original DNA is conserved in the daughter DNA. 


Daughter DNA Parent DNA Daughter DNA 


Inititiation of replication:- € The initiation of DNA synthesis occurs at a 
site called origin of replication. 
¢ In case of prokaryotes , there is a single site whereas in eukaryotes, 
the are multiple sites of origin. 
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Initiation of replication: - 
+ The initiation of DNA synthesis occurs at a site called origin of 
replication. 
¢ In case of prokaryotes, there is a single site whereas in eukaryotes, 
they are multiple sites of origin. 
DNA synthesis is semidiscontinous & bidirectional: - 
* The replication of DNA occurs in 3' to 5' direction, simultaneously, on 
both the strands of DNA. 
* one strand, the leading strand - the DNA synthesis is continous. 
* On the other strand, the lagging strand - the synthesis of DNA is 
discontinous. 
Replication fork & DNA synthesis: - 
* The separation of the two strands of parent fork DNA results in the 
formation of a replication fork. 
* The active synthesis of DNA occurs in this region. 
* DNA helicase:- Those enzymes bind to both the DNA strands at the 
replication fork. 
* Helicases move along the DNA helix & separate the strands. 
¢ Their function is comparable with a zip opener. 
* Helicases are dependent on ATP for energy supply. 
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DNA synthesis catalysed by DNA polymerase ТТТ:- 

+ The synthesis of new DNA strand, catalysed by DNA polymerase ТТТ, 
occurs in 5' —> 3' direction. 

¢ This is antiparallel to the parent template DNA strand. 

+ The presence of all four deoxyribonucleoside triphosphates (dATP, 
dGTP, dCTP & dTTP) is an essential prerequisite for replication to 
take place. 

+ The synthesis of two new DNA strands, simultaneously takes place in 
the opposite direction — one is in a direction (5' —> 3') towards the 
replication fork. which is continuous, the other in a direction (5'—>3’) 
away from the replication fork which is discontinous. 

Polarity problem: - 
The other DNA strand with 5' - end presents some problem, as there 
is no DNA polymerase enzyme that can catalyse the addition of 
nucleotides to the 5' end of growing chain. 

¢ This problem however is solved by synthesizing this strand as a 
series of small fragments. 

* These pieces are made in the small 5' —> 3' direction & later joined 
together. 

Okazaki pieces: - 
The small fragments of the discontinously synthesized DNA are called 
okazaki pieces. These are produced on the lagging strand of the 
parent DNA. 

* Okazaki pieces are later joined to form a continous strand of DNA. 

* DNA polymerase I & DNA ligase. 
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Replication in Eukaryotes: - 
* Replication of DNA in eukaryotes closely resembles that of 
prokaryotes. 
¢ Certain differences, however, exist Multiple origins of replication is 
a characteristic feature of eukaryotic cell. 
¢ Futher least five distinct DNA polymerase are known in eukaryotes. 
1.DNA polymerase a:- Responsible for synthesis of RNA primer. 
2. DNA polymerase f: - Involve in repair of DNA. 
3. DNA polymerase y:- Participate in replication of mitochondrial DNA. 
4. DNA polymerase D:- Responsible for the replication on the leading strand 
of DNA. 
5. DNA polymerase E:- involve in synthesis of DNA synthesis on the lagging 
strand & proofreading function. 
Process of Replication in eukaryotes: - 
¢ The replication on the leading strand of DNA is rather simple, 
involving DNA polymerase D. & a sliding clamp called proliferating cell 
nuclear antigen (PCNA). 
+ PCNA forms а ring around DNA to which DNA polymerase | binds. 
+ Formation of this ring also requires another factor namely replication 
factor C. 
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RECOMBINATION 


% Recombination basically involves the exchange of genetic 
information. 
There are mainly two types of recombinations. 


(a) Homologous recombination:- This is also called as general 


recombination & occurs blw identical or nearly identical chromosome 
¢ The best example is the recombination blw paternal & maternal 
chromosomal pairs. 


(b) Non- Homologous recombination :- This regarded as illegitimate 


recombination & does not require any special homologous sequences. 
Transposition is a good example of non- homologous recombination. 
Random integration of outside genes into chromosomes is another 
example. 
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REPAIR OF DNA 


+ As already stated , damage to DNA caused by replication errors or 
mutations may have serious consequences. 

+ This cell possesses an inbuilt system to repair the damaged DNA. 
+ This may be achieved by four distinct mechanism. 

e Base excision - repair. 

e Nucleotide excision - repair. 

e Mismatch repair. 

e Double - strand break repair. 


a) Base excision - repair :- 


+ The base cytosine, adenine & guanine can undergo spantaneous 
depurination to respectively from uracil, hypoxanthine & xanthenes. 
+ These altered base do not exist in the normal DNA.& therefore 
need to be removed. 
+ The defective DNA in which cytosine is deamination to uracil is acted 
upon by the enzyme. 
DNA glycosylase. :- 
¢ This results in the removal defective base uracil. 
* Endonuclease cuts the backbone of DNA strand near the defect & 
removes a few bases. 
¢ The gap so created is filled up by the action of repair DNA poly- 
merase & DNA ligase. 
(b) Nucleotide excision - repair :- 
* The DNA damage due to UV light, ionizing radiation & other 
environmental factors often results in the modification of certain 
bases, strand breaks, cross linkage etc. 


JoharimbbsG gmail.com JOHARI MBBS | Youtube 


ВТОСНЕМТ5ТВУ Ө 


+ Nucleotide excision - repair is ideally suited for such large - scale 
defects in DNA. 

¢ After the identification of the defective piece of DNA, the DNA 
double helix is unwound to expose the damaged part. 

+ An excision nuclease cuts the DNA on either side of the damaged 
DNA.This defective piece is degraded. 

+ The gap created by the nucleotide excision is filled up by DNA. 

(c) Mismatch repair: - 

* Despite high accuracy in replication , defects do occur when the DNA 
is copied. 

¢ For instance cytosine could be incorporated opposite to adenine. 

¢ Mismatch repair corrects a single mismatch base pair eg —> Cto A, 
instead of T to A. 

(d) Double - strand break repair: - 

¢ Double - strand breaks in DNA are dangerous. 

+ They result in genetic recombination which may lead to chromosomal 
translocation, broken chromosomes, & finally cell death. 

¢ ASB's can be repaired by homologous recombination or non- 
homologous end joining. 

* Homologous recombination occurs in yeasts while in mammals, non- 
homologous joining dominates. 
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MUTATIONS 


* Mutation refers to a change in the DNA structure of a gene. 

+ The substance which can induce mutations are collectively known as 
mutagens. 

* The changes that occur in DNA on mutation are reflected in 
replication , transcription & translation. 


Types of mutations: - 


mainly of two major types- 


(1) point mutations:- The replacement of one base pair by another results in 
point mutation. They are two sub-types. 


(a) Transitions:- In this case, a purine (or a pyrimidine) is replaced by 
another. 

(b) Transversions:- Characterized by replacement of a purine by a pyrimidine 
or vice-versa. 


(2) Frameshift mutations:- These occur when one or more base pairs are 
inserted in or deleted from the DNA, respectively, causing insertion 
or deletion mutations. 


Consequences of point mutations: - 


Change in single base sequence in point mutation may cause one of 
the following. 


JoharimbbsG gmail.com JOHARI MBBS | Youtube 


ВТОСНЕМТ5ТВУ Ө 


(a) Silent mutation: - 
* The codon (of mARNA) containing the changed base may code for the 
some amino acid. 
¢ For instance, UCA codes for serine & changed in the third base (UCV) 
still codes for serine. 
€ Therefore, there are no detectable effect in silent mutation. 
(b) Missense mutation: - 
* In this case, the changed base may code for a different amino acid. 
Eg:- UCA code for seine while ACA code for threonine. 
+ The mistaken amino acid may be acceptable, partially acceptable or 
unacceptable with regard to the function of protein molecule. 
(c) Nonsense mutation :- 
+ Sometimes, the codon with the altered base may become a 
termination codon. 
¢ For instance change in the second base of serine codon (ОСА) may 
result in UAA. 
¢ The altered codon acts as a stop signal & causes termination of 


protein synthesis at the pain. 


—C— 6—А—6— | —C— 6—6—6— 
| d dA! Translation L. T. dk 3 
—6— C— Т ———: =б=б=б=б= 
—C— 6—А—6— | —C— 6—1—6— 
| | tod Transversion |I | tol 
—6—- Cc—1—-C— _—= —6— С—А—С— 
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TELOMERES & TELOMERASE 


+ There are certain difficulties in the replication of linear DNAs of 
eukaryotic cell. 

+ The leading strand of DNA can be completely synthesized to the 
very end of its strand since the removal of the primer RNA leaves a 
small gap which cannot be filled. 

+ The daughter chromosomes will have shortened DNA molecules. 

+ The results is that over a period of time, the chromosomes may 
lose certain essential genes & the cell dies. Telomeres are the special 
structures that prevent the continuous loss of DNA at the end of 
the chromosomes during the course of replication. 

+ Telomeres are many repeat sequences of six nucleotides present at 
the ends of eukaryotic chromosomes. 

+ Human sequences , which can be up to a length of 1500 BP. 


Role of Telomerase: - 


+ Telomeres are maintained by the enzyme telomerase also Called as 
telomere transferase. 

+ Telomeres is an unusual enzyme as it is composed of both protein & 
RNA. 

+ Telomerase RNA sequence can be used as a template for extension 
of telomeres. 

+ The telomerase RNA base to the end of the DNA molecule with 


telomeres & extends to a small distance 
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TRANSCRIPTION 


¢ Transcription is a process in which ribonucleic acid (RNA) is 
synthesized from DNA. 

+ The genetic information stored in DNA is expressed though RNA. 

¢ For this purpose, one of the two strands of DNA serves as a 
template. 

* DNA strand which does not participate in transcription is referred 
to as coding strand or sense strand or non - template strand. 


Initiation :- 
+ The binding of enzyme RNA polymerase to DNA. 
+ The specific region on the DNA where the enzyme bind is know as 
promoter region. 
+ These are two base sequences on the coding DNA strand. Which 
the sigma factor of RNA polymerase can recognize for intiation of 
transcription. 


1. Pribnow box (TATA box) :- 
This consists of 6 nucleotide bases (TATA AT), located on the left side about 
10 bases away from the starting point of transcription. 


2. The '3-5' sequence :- 
This is second recognitions site in the promoter region of DNA. It contains a 
base sequence TTGACA, which is located about 35 base transcription start. 
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Elongation :- 
As the holoenzyme, RNA polymerase recognizes the promoter region, the 
sigma factor is released & transcription proceeds. 
+ RNA is synthesized from 5' end 3' end (5'—>3') antiprallel to the 
DNA template. 
* RNA polymerase utilizes rib nucleotide triphosphates (ATP, GTP, 
CTR & UTP) for the formation of RNA. 
* The sequence of nucleotide bases in the mRNA is complementary to 
the template DNA strand. 
* It is however, identical to that of coding strand except the RNA 
contains U in place of T in DNA. 
* RNA polymerase differs from DNA polymerase in two aspects. 
No primer is required. 


Termination : - 
The process of transcription stops by termination signals. 


(i) Rho (q) dependent termination: - 

+ A specific protein, named P factor, bind to the growing RNA or 
weakly to DNA, & in the bound sate it acts as at pose & terminates 
transcription & releases DNA. 

¢ The p factor is also responsible for the dissociation of RNA 
polymerase from DNA. 

(ii) Rho (p) independent termination :- The termination in this case is 
brought about by the formation of hairpins of newly synthesized RNA. 
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TRANSCRIPTION IN EUKARYOTES 


RNA polymerase: - 

The nuclei of eukaryotic cells passes three distinct RNA polymerase. 

1. RNA polymerase I is responsible for the synthesis precursor for the 
large ribosomal RNAS. 

2. RNA polymerase II synthesizes the precursors for mRNA's & small 
nuclear RNAS. 

3. RNA polymerase III participates in the formation of TRNA's & small 
ribosomal RNAS. 


Fromoter sites :- 
In eukaryotes, a sequence of DNA base- which almost identical to rainbow 
box of prokaryotes - is identified. This sequence known as hogness box. 


Heterogeneous nuclear RNA (hnRNA): - 

The primary mRNA transcript produced by RNA polymerase IT in 
eukaryotes is often refered to as heterogeneous nuclear RNA. This is then 
processed to produce mRNA needed for protein synthesis. 
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POST- TRANSCRIPTION MODIFICATIONS. 


«The RNAs produced during transcription are called primary 
transcripts. 

+ They undergo many alterations - terminal base additions, base 
modifications, splicing etc. which are collectively referred to as post 
-transcriptional modification. 

+ This process is required to convert the RNAs into the active forms. 

* A group of enzymes, namely ribonucleoses, are responsible for the 
processing of TRNAS & rRNAS of both prokaryotes & eukaryotes. 

Messenger RNA: - 

¢ The primary transcript of mRNA is the hnRNA in eukaryotes, which 

is subjected to many changes before mRNA is produced. 
The 5' capping: - 

¢ The 5' end of mRNA is capped with 7- methylguanosine by an unusual 
3'—> 5' triphosphate linkage. 

+ S- Adenonsylmethionine is the donor of methyl group. 

+ This cap is required for translation, besides stabilizing the structure 
of mRNA. 

Poly-A tail:- A large no. of eukaryotic mRNAs possess an adenine nucleotide 
chain at the 3'-end 

This poly-A tail, as such, is not produced during transcription. 

* It is later added to stabilize mRNA. 

* However, poly-A chain gets reduced as the mRNA enters cystol. 

Introns & their removal:- Introns are the intervening nucleotide sequences 
in mRNA which do not code for proteins. 

* On the other hand, exons of mRNA possess genetic code & are 
responsible for protein synthesis. 
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PROTEIN BIOSYNTHESIS 


The protein synthesis which involves the translation of nucleotide base 
sequence of mRNA into the language of amino acid sequence may be 
divided into the following stages for the convenience of 
understanding. 

* Requirement of the components. 
¢ Activation of amino acid. 

+ Protein synthesis proper. 

* Chaperones & protein folding. 

¢ Post- translational modifications. 


Requirement of the components: - 
¢ Protein synthesis may be considered as a biochemical factory 


operating on the ribosomes. 
Amino acids:- Protein are polymers of amino acid of the 20 amino acids found 
in protein structure half of them (10) can be synthesized by man. 
¢ About 10 essential acids have to be provided through the diet. 
Ribosomes:- Ribosomes are the best examples of molecular machines. 
+ They perform highly complex process of synthesizing proteins. As 
per the instructions encoded in mRNA. 
mRNA:- The specific information required for the synthesis of a given 
protein is present on the mRNA. 
TRNA:- They carry the amino acid & hand cver to the grouping peptide 
chain. 
Energy source:- 
Both ATP & GTP are required for the supply of energy in protein 
synthesis. 
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2. Activation of amino acids: - 
+ Amino acids are activated & attached to tRNA in a two step 


reaction. 
+ A group of enzyme - namely aminoacyl tRNA synthetases - are 


required for this process. 


Protein synthesis proper:- The mRNA is read in the 3'—> 5' direction & the 
polypeptide synthesis proceeds from N- terminal end to C- terminal 


end. 


Initiation of Translation:- The initiation of translation in eukaryotes is 
complex, involving at least ten eukaryotic initiation factor (elFs). 


some of the elfs contain multiple (3-8) subunits. 
The process of translation initiation can be divided into four steps. 

+ Ribosomal dissociation. 

* Formation of 433 perinitiation complex. 

+ Formation of 485 initiation complex. 

¢ Formation of 805 initiation complex. 

Elongation of transiation: - 

+ Ribosomes elongate the polypeptide chain by a sequential addition of 
amino acids. 

* The amino acid sequence is determined the order of the codons in 
the specific mRNA. 

+ Elongation, a cyclic process involving certain elongation factors 
(ELFs) may be divided into three steps:- 
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(a) Binding of aminoocyl- tRNA to A-site:- 

¢ The Bos initiation complex contains met- tRNA in the P-site & 
A-site is free. 

+ Another aminoacyl - tRNA is placed in the A-site. 

(b) Peptide bond Formation: - 

* The enzyme peptidyltransferase catalyses the formation of peptide 
bond. 

* The activity of this enzyme lies on 285 RNA of 60s ribosomal 
subunit. It is therefore the rRNA referred to as ribozyme that 
catalyses the peptide bond formation. 

(c) Translocation: - 

+ As the peptide bond formation occurs, the ribosome moves to 
the next codon of the mRNA. 

+ This process called translocation, basically involves the movement of 
growing peptide chain from A-site to P-site. 


4.Termination of translation: - 
* Termination is a simple process when compared to initiation & 
elongation. 
¢ After several cycle of elongation, incorporating amino acids & the 
formation of the specific protein/polypeptide molecule, one of the 
stop or termination signals terminations signals polypeptide. 


5.Inhibitors of protein synthesis:- Translation is a complex process & it has 


become a favorite target for inhibition by antibiotics. 
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(a) Streptomycin: - Initiation of protein synthesis is inhibited by 
streptomycin. 

+ It causes misreading of mRNA & interferes with the normal pairing 
b/w codons & anticodon. 

(b) Tetrocycline:- It inhibits the binding of amino acyl tRNA to the 
ribosomal complex. 

(c) Puromycin: - Puromycin enters the A-site & gets incorporated into the 
growing peptide chain & causes its release. 

(d) Chlorampheniol:- It acts as a competitive inhibitor of the enzyme 
peptidyltransferase & thus interferes with elongation of peptide 
chain. 

(e) Erythromycin:- It inhibits translocation by binding with 50 subunits of 
bacterial ribosome. 

(f) Diphtheria toxin:- It prevents translocation in eukaryotic protein 
synthesis by inactivating elongation factor eEF,. 


6. Chaperones & Protein folding: - 
The three dimensional conformation of protein is imp. for their 


biological functions. A Vast majority of proteins can attain correct 
conformation, only through the assistance of certain protein 
referred to as chaperons. 


* Chaperons are heat shock proteins. 
+ They facilitate & favour the interactions on the polypeptide 
surfaces to finally give the specific conformation of a protein. 
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7. Post Translational modifications of protein: - 
Many changes take place in the polypeptides after the initiation of 
their synthesis is completed. 
(a) Intein splicing: - 
* Intein are intervening sequences in certain proteins. 
+ These are comparable to introns in mRNA. 
+ Intein have to be removed & exteins ligated in the appropriate order 
for the protein to become active. 
(b) Covalent modifications: - 
The protein synthesized in translation are subjects to many covalent 
changes. 


* Phosphorylation: - 
+ The hydroxyl group containing amino acids of proteins, namely serine, 


threonine, & tryosine are subjected to posphorylation . 
* The phosphorylation may either increase or decrease the activity of 
the protein. 
* Hydroxylation: - 
During the formation of collagen, the amino acids proline & lysine are 
respectively converted to hydroxyproline & hydroxylysine. 
¢ Glyeosylation: - 
The attachment of carbohydrate moiety is essential for some proteins 
to perform their functions. 
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GENETIC CODE 


The biosynthesis of a protein or a polypeptide їп а living cell is 

referred to as translation. 

* The sequence of amino acids in the protein synthesis determined by 
the nucleotide base sequence of mRNA. 


Genetic code: - 

+ The three nucleotide (triplet) base sequences in mRNA that act as 
code words for amino acids in protein constitute the genetic code or 
simply codons. 

* The genetic code is regarded as a dictionary of nucleotide bases 
(A,G,C,&U) that determines the sequence of amino acid 
in proteins. 

+ The codon consist of four nucleotide bases, the purines,— Adenine 
(A) & Guanine (б) & the Pyrimidines — Cytosine (C),Uracil (U). These 
4 bases produce 64 different combination of three bases codon. 

* The nucleotide sequence of the condon on mRNA is written 
from the 5' end to 3' end. 

+ Sixty one codons code for the 20 amino acids found in protein. 

+ The 3 codons UAA, UAG & UGA do not code for amino acids. 

* They act as stop signals in protein synthesis. 

«Three 3 codons are collectively known as termination codons or non- 
-sense codons. 
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other characteristics of genetic code: - 


1. Universality: - 
The same codons are used to code for same amino acid in all living 
organism. Thus, the genetic code has been conserved during the course 
of evolution. Hence genetic code is appropriately regarded as universal. 


2. Specificity: - 
A particular codon always codes for the same amino acid, hence the 
genetic code is highly specific or unambiguous 

Ex:- UGG is the codon for tryptophan. 


3. Non-overlapping: - 
The genetic code is read from a fixed point as a continuous base 
sequence. It is non-overlapping, & without any punctuations. 


4. Degenerate: - 
Most of the amino acids have more than one codon. The codon is 
degenerate or redundant since there are 61 codon available to code for 
only 20 amino acids. 
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THE LAC OPERON CONCEPT 


+ Operon is the coordinated unit of genetic expression in bacteria. 
+ The concept of operon was introduced by Jacob & Monod in 1961. 


Lactose (Lac) operon: - 
Structure of lac operon: - 
+ The lac operon consists of a regulatory gene, operator gene & three 
structural genes. 
* Besides these genes, there is a promoter site next to the operator 
gene. Where the enzyme RNA polymerase binds. 
+ The structural genes Z,Y,& A respectively, code for the enzymes p- 
galactosidase, galactoside permease & galactoside acetylase. 


Repression of lac operon: - 

* The regulatory gene (I) is constitutive. It is expressed at a constant 
rate leading to the synthesis of lac repressor. 

* Lac repressor is a tetrameric regulatory protien. 

¢ This prevents the binding of the enzyme RNA polymerase to the 
promoter site, thereby blocking the transcription of structural 
genes. 

+ The repressor molecule acts as a negative regulator of gene 
expression. 


Derepression of lac operon: - 
+ In the presence of lactose in the medium, a small amount of it can 
enter the E. coli cells. 
* The repressor molecules have a high affinity for lactase. 
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* The lactose molecules bind & induce a conformational change in the 
repressor. 

+ The result is that the repressor gets inactivated & therefore, 
cannot bind to the operator gene. 

* The RNA polymerase attaches to the DNA at the prometer site & 
transcription proceeds, leading to formation of polyeistronic mRNA 
& finally, the 3 enzymes. 

+ Thus, lactose induces the synthesis of 3 enzymes p-galoctsidase, 
galactoside permease & galactoside acetylase. 

¢ Lactose acts by inactivating the repressor molecules, hence this 
process is known as derepression of lac operon. 
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GENE REGULATION IN EUKARYOTES 


+ The imp. features of eukaryotic gene expression along with the 
regulatory aspects are described in the proceeding pages. 
* The most imp. ones are listed below, and briefly described next :- 
8 Gene amplification. 
8 Gene rearrangement. 
8 processing of RNA. 
8 Alternate mRNA splicing. 
8 Transport of mRNA from nucleus to cytoplasm. 
8 Degradation of mRNA. 


Gene amplification: - 


* The ocurrence of gene amplification has also been reported in 
humans. 

¢ Methotrexate is an anti-cancer drug which inhibits the enzyme 
dihydropholate reductase. 


Gene rearrangment: - 
* The structure of a typical immunoglobulin molecule consists of two 


light (1) & two heavy (H) chains. 

* Each one of these chains (L or H) contain on - terminal variable (V) & 
(-terminal constant cc) regions. 

* The V regions of immunoglobulins are responsible for the recognition 
of antigens. 

* The phenomeon of gene rearrangment can be understood from the 
mechanism of the synthesis of light chains of immunoglobulins. 
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Processing of RNA:- 
¢ The RNA synthesized in transcription under goes modifications 
resulting їп а functional RNA. 
* The changes include intron - exon splicing, poly adenylation etc. 


Alternate mRNA splicing: - 


¢ Eukaryotic cells are capable of carrying out alternate mRNA 
processing to control gene expression. 

¢ Different mRNA can be produced by alternate splicing which code 
for different proteins. 


Degradation of mRNA: - 
+ The expression of genes is indirectly influenced by the stability of 


mRNA. 
¢ Certain hormones regulate the synthesis & degradation of some 
mRNA. 
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GENETIC ENGINEERING 


Genetic engineering primarily involves the manipulation of genetic 
material (DNA) to achieve the desired goal. 


Basic principles of DNA technology: - 

* There are many diverse & complex techniques involved in gene 
manipulation. 

* However, the basic principles of recombinant DNA technology are 
reasonably simple & broadly involve the following stages —> 

$ Generation of DNA fragments & selection of the desired piece of 
DNA. 

8 Insertion of the selected DNA into a cloning vector to create a 
recombinant DNA or chrimeric DNA. 

8 Multiplication & selection of clones containing the recombiant 
molecules. 

8 Expression of gene to produce the desired product. 


Recombinant DNA technology with special reference to the the 
following aspects is described. 

* Molecular tools of genetic engineering. 

* Host cells - the factories of cloning. 

¢ Vectors the cloning vehicles. 

+ Methods of gene transfer. 

¢ Gene cloning strategies. 
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Restriction endonucleases: - 
DNA Cutting enzymes: - 


* Restriction endonucleases are one of the most imp. group of enzymes 
for the manipulation of DNA. 

+ These are the bacterial enzymes that can cut Ispli DNA at specific 
sites. 

* They were first discovered in E. coil restricting the replication of 
bacteriophages, by cutting the viral DNA. 

¢ The host E.coil DNA is protected from cleavage by addition of 
methyl groups. 

* Thus, the enzymes that restrict the viral replication are k/w as 
restriction enzymes or restriction endonucleases. 
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POLYMERASE CHAIN REACTION 
(ОМА AMPLIFICATION) 


#The polymerase chain reaction (PCR) is a laboratory technique for 
generating large quantities of a specified DNA. 
Principle: - 
* Double stranded DNA of interest is denatured to separate into two 
individual stand. 
¢ Each strand is then allowed to hybridize with a primer. 
¢ The primer - template duplex is used for DNA synthesis. 
* These three steps:- 
Denaturation, Renaturation & synthesis are repeated again & again to 
generate multiple forms of target DNA. 


Technique of PCR:- 

Denaturation: - 
On rising the temp. to about 95°c for about 1 min. The DNA gets 
denatured & the two strands separate. 


Renaturation or annealing: - 
As the temp. of the mixture is slowly cooled to about 55°c, the 
primers base pair with the complementary regions flanking target 
DNA strands. 
This process is called renaturation or annealing. High conc. of primer 
ensures annealing between each DNA stand & the primer rather than 
the two strands of DNA. 
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Synthesis:- The initiation of DNA Synthesis occurs at 3'- hydroxyl end of 

each primer. 

* The primers to DNA extended by joining the bases. Complementary 
to DNA strands. 

* The temp. has to be kept optimal as required by the polymerase. 

+ The DNA polymerase the optimum temp. as is around 75'c. 

* The 3 stages of PCR in relation to temp. & time depicted. 

+ Each cycle of PCR takes about 3-5 min. 

* In the third cycle of PCR, the original DNA strands along with long 
& short templates are the starting materials. 

* The technique of denaturation, renaturation & synthesis are 

repeated. 
* This procedure is repeated again & again for each cycle. 


Application of PCR: - 
Application of PCR are discussed at appropriate places. 


1.Prenatal diagnosis of inherited diseases: - 
PCR is employed in the prenatal diagnosis of inherited diseases by 
using chorionic villus. Samples culs from amniocentesis. 

2 .Diagnosis of retroviral infections: - 
PCR from CDNA is a valuable tool for diagnosis & monitoring of 
retroviral infections. 

Ex:- HIV Infection. 
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3.Diagnosis of bacterial infection: - 
PCR is used for the detection of bacterial infections 
Ex:- Tuberculosis by mycobacterium tuberculosis. 


4.Diagnosis of cancer: - 
Several viral - induced cancer involving known genes are identified by 


PCR. 


5.PCR in sex determination of embroys: - 


Sex of human & live stock embroys fertilized in vitro, can be 
determined by PCR, by using primers & DNA probes specific for sex 
chromosomes. Further this technique is also useful to detect sex 
linked disorders in fertilized embroys. 
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CHROMATOGRAPHY 


+ It is an analytical technique dealing with the separation of closely 
related compounds from a mixture. 

+ These include, proteins, peptides, amino acids, lipids, carbohydrates, 
vitamins & drugs. 


Principles: - 

¢ Chromatography usually consist of a mobile phase & a stationary 
phase. 

¢ Mobile phase refers to the mixture of substances dissolved ina 
liquid or a gas. 

+ Stationary phase is a porous solid matrix through which the sample 
contained in the mobile phase percolates. 

+ The interaction between the mobile & stationary phases results in 
separation the compounds from the mixture. 


Classification: - 
1.Partition chromatography: - 
The molecules of a mixture get partitioned between the stationary 
phase & mobile phase depending on their relative affinity to each one 
of the phases. 
(a) Paper chromatography: - 
These technique is commonly used for the separation of amino acids, 
sugars, sugar derivatives & peptides. 
* In this technique a paper sheet or strips a few drops for solution 
containing a mixture of the compound to be separated is applied at 
one end, usually ^2 cm above a strip of filter paper. 
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+ The paper is dried & dipped into a solvent mixture consisting of 
butanol, acetic acid & water in 4:1:5 ratio. 

¢ When the migration of solvent is upwards, it is referred to as 
ascending chromatography. In descending chromatography, the 
solvent move downwards. 

+ The rate of migration of the molecules depend on the relative 
solubilites in the stationary phases & mobile phases. 


(b) Thin layer chromatography: - 
+ The principle of TLC is the same as paper chromatography. 
¢ In place of paper, an inert substance, such as cellulose, is employed 
as supporting material. 
¢ Cellulose is spread as a thin layer on glass or plastic plates. 


c) Gas - liquid chromatography: - 


+ This method of choice for the separation of volatile substances or 
the volatile derivatives of certain non- volatile substances. 

¢ Gas - liquid chromatography is sensitive, rapid & reliable. 

¢ It is frequently used for the quantitative estimation of biological 
materials such as liquids, drugs & vitamins. 


2.Adsorption column chromatography: - 


The absorbents such as silica gel, alumina, charcoal powder Ca^ 
hydroxyapatite are packed into a column in glass tube. 
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* The sample mixture in a solvent is loaded on this column. 

+ The individual components get differentially adsorbed components 
get differentially adsorbed on to the adsorbent. 

+ The individual compounds come out of the column at different rates 
which may be separately collected & identified. 

+ For instance, amino acids can be identified by ninhydrin calorimetric 
method. 


3.Ion - exchange chromatography: - 
* Ion exchange chromatography involves the separation of molecules on 


the basis of their electrical charges. 
* Ion - exchange resins - cation exchangers & anion exchangers - are 
used for this purpose. 


RA + B. > РВ + A 
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4.Gel filtration chromatography: - 
In gel filtration chromatography, the separation of molecules is based 
on their size, shape & molecular weight. This technique is also 
referred to as molecular sieve or molecular exclusion chromatography. 


5. Affinity chromatography:- 
A principle of affinity chromatography is based on the property of 


specific & non-covalent binding of proteins to other molecules, 
referred to as ligands for instance, enzymes bind specifically to 
ligands such as substrates or cofactors. 

Affinity chromatography is useful for the purification of enzymes, 
vitamins, nucleic acids, drugs, hormone receptors, antibodies etc. 


6.High performance liquid chromatography: - 


This chromatography technique are slow & time consuming. 

* The separation can be greatly improved by applying high pressure in 
the range. 

* Hence this technique is also referred to as high pressure liquid 
chromatography. 
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ENZYME- LINKED IMMUNOSORBANT ASSAY (ELISA) 


ELISA is a non- isotopic immunoassay. As enzymes is used as a label in 
ELISA in place of radioactive isotope in RA. 


Principle: - 
ELISA is based on the immunochemical principles of antigen -antibody 
reaction. 

+ The antibody against the protein to be determined is fixed on an 
inert solid such as polystyrene. 

+ The biological sample containing the protein to be estimated is 
applied on the antibody coated surface. 

* The protein antibody complex is then reacted with a second protein 
antibody to which an enzyme is covalently linked. These enzymes 
must be easily assayable & produce preferably coloured products. 
feroxidose, amylase & alkaline phosphatase are commonly used. 

¢ After washing the unbound antibody linked enzyme, the enzyme 
bound to the second antibody complex is assayed. 

* The enzyme activity is determined by its action on a substrate to 
form a product. This is related to the concentrated of the protein 
being estimated. 
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The principle for the use of the enzyme peroxidase in ELISA is 
illustrated next. 


H,O, Peroxidase HO +O 


(nascent oxygen) 


Diaminobenzidine Oxidized 
(colourless) diaminobenzidine 
(brown) 
Applications: - 


¢ ELISA is widely used for the determination of small quantities 
of proteins & other biological substances. 

* The most commonly used pregnancy test for the detection of human 
chorionic gonadotropion (HCG) in urine is based on ELISA. 

* By this test, pregnancy can be detected within few days after 
conception. 

¢ ELISA is also been used for the diagnosis of AIDS. 
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